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IMAGE CODING DEVICE, IMAGE
DECODING DEVICE, METHODS THEREOF,
AND PROGRAMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims the benefit
ofpriority from U.S. Ser. No. 13/347,982, filed Jan. 11, 2012,
which claims the benefit of priority from Japanese Patent
Application No. 2011-027385, filed Feb. 10, 2011, the entire
contents of each of which are incorporated herein by refer-
ence.

BACKGROUND

The present disclosure relates to an image coding device,
an image decoding device, methods thereof, and programs,
and particularly to enabling improvements of subjective
image quality and coding efficiency.

In related art, still images and moving images have large
amounts of data, and are thus generally coded at a time of
transmission or at a time of recording onto a medium. A
coding system such as an H.264/MPEG (motion picture
expert group)-4 AVC (advanced video coding) (hereinafter
referred to as H.264/AVC) system or the like performs a
discrete cosine transform (hereinafter referred to as a DCT)/
inverse discrete cosine transform (hereinafter referred to as an
IDCT). The DCT/IDCT is realized by performing a one-
dimensional DCT/IDCT twice in a horizontal direction and a
vertical direction. On the other hand, when prediction errors
of intra-frame prediction (intra prediction) include an edge,
energy can be concentrated more by performing a DCT in a
direction along the edge rather than performing a DCT in the
horizontal direction and the vertical direction.

For example, Japanese Patent Laid-Open No. 2009-
272727 determines a direction of performing an orthogonal
transform according to a mode of intra-frame prediction
when intra-frame prediction as in the H.264/AVC system
using spatial correlation is performed because of a strong
possibility that a prediction direction and the direction of
prediction errors are the same. By thus determining a direc-
tion of performing an orthogonal transform, higher energy
concentration is achieved, and coding efficiency is improved.

SUMMARY

When an orthogonal transform is performed, the block size
of transform blocks as units of the orthogonal transform as
well as the direction of the orthogonal transform is an impor-
tant element for improving energy concentration. In this case,
when a continuous edge straddles a plurality of transform
blocks, degradation such that the edge is interrupted at block
boundaries becomes conspicuous as a result of subsequent
quantization. In addition, because a DCT has a characteristic
of easily concentrating the energy of a steady signal, coding
efficiency is decreased when a large number of transform
blocks include an edge.

It is accordingly desirable to provide an image coding
device, an image decoding device, methods thereof, and pro-
grams that can improve subjective image quality and coding
efficiency.

According to a first embodiment of the present technology,
there is provided an image coding device including: an edge
detecting section configured to perform edge detection using
an image signal of a reference image for a coding object
block; a transform block setting section configured to set
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transform blocks by dividing the coding object block such
that a boundary between the blocks after division does not
include an edge on a basis of a result of the edge detection; and
acoding processing section configured to generate coded data
by performing processing including an orthogonal transform
of each of the transform blocks.

In this technology, the position of an edge and the intensity
of'the edge are detected using the image signal of a reference
image for a coding object block. On the basis of a result of the
edge detection, the coding object block is divided, and trans-
form blocks to be subjected to an orthogonal transform or the
like are set. The transform blocks are set such that boundaries
between the transform blocks as the blocks after the division
of'the coding object block do not include an edge. In addition,
the priorities of edges are determined according to the inten-
sities of the edges, and the transform blocks are set such that
an edge of high priority is not included. In detecting the edge,
an image of'a coded block adjacent to the coding object block
is used as a reference image. In addition, the transform blocks
are set with the detected edge estimated to be continuous in
the prediction direction of an intra-frame prediction mode. In
addition, a prediction mode of high coding efficiency is
selected, coding processing is performed, and information
indicating the selected prediction mode is included in coded
data obtained by performing the coding processing. In addi-
tion, information indicating the set transform blocks is
included in the coded data. In addition, in detecting the edge,
a coded image in a temporal direction with respect to the
coding object block is also used.

According to a second embodiment of the present technol-
ogy, there is provided an image coding method including:
performing edge detection using an image signal of a refer-
ence image for a coding object block; setting transform
blocks by dividing the coding object block such that a bound-
ary between the blocks after division does not include an edge
on a basis of a result of the edge detection; and generating
coded data by performing processing including an orthogonal
transform of each of the transform blocks.

According to a third embodiment of the present technol-
ogy, there is provided a program for making image coding
performed on a computer, the program including: performing
edge detection using an image signal of a reference image for
a coding object block; setting transform blocks by dividing
the coding object block such that a boundary between the
blocks after division does not include an edge on a basis of a
result of the edge detection; and generating coded data by
performing processing including an orthogonal transform of
each of the transform blocks.

According to a fourth embodiment of the present technol-
ogy, there is provided an image decoding device including: an
information extracting section configured to extract predic-
tion mode information from coded data; an edge detecting
section configured to perform edge detection using an image
signal of a reference image for a decoding object block; a
transform block setting section configured to set transform
blocks by dividing the decoding object block such that a
boundary between the blocks after division does not include
an edge on a basis of the prediction mode information and a
result of the edge detection; and a decoding processing sec-
tion configured to generate an image signal by performing
processing including an inverse orthogonal transform of each
of the transform blocks.

In this technology, prediction mode information is
extracted from coded data. In addition, an edge is detected
using the image signal of a reference image for a decoding
object block, and the position and intensity of the edge are
detected. On the basis of a result of detection of the edge and
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the extracted prediction mode information, the decoding
object block is divided, and transform blocks to be subjected
to an inverse orthogonal transform or the like are set. The
transform blocks are set such that boundaries between the
transform blocks as the blocks after the division of the decod-
ing object block do not include an edge. In addition, the
priorities of edges are determined according to the intensities
of the edges, and the transform blocks are set such that the
boundaries between the transform blocks do not include an
edge of high priority. In detecting the edge, an image of a
decoded block adjacent to the decoding object block is used
as a reference image. In addition, the transform blocks are set
with the detected edge estimated to be continuous in the
prediction direction of an intra-frame prediction mode. In
addition, the edge is detected using a decoded image in a
temporal direction with respect to the decoding object block
as a reference image. After the transform blocks are thus set,
a decoded image is generated by performing processing
including an inverse orthogonal transform of each of the set
transform blocks.

According to a fifth embodiment of the present technology,
there is provided an image decoding method including:
extracting prediction mode information from coded data; per-
forming edge detection using an image signal of a reference
image for a decoding object block; setting transform blocks
by dividing the decoding object block such that a boundary
between the blocks after division does not include an edge on
a basis of the prediction mode information and a result of the
edge detection; and generating an image signal by performing
processing including inverse transform processing of each of
the transform blocks.

According to a sixth embodiment of the present technol-
ogy, there is provided a program for making decoding of
coded data performed on a computer, the program including:
extracting prediction mode information from coded data; per-
forming edge detection using an image signal of a reference
image for a decoding object block; setting transform blocks
by dividing the decoding object block such that a boundary
between the blocks after division does not include an edge on
a basis of the prediction mode information and a result of the
edge detection; and generating an image signal by performing
processing including inverse transform processing of each of
the transform blocks.

Incidentally, the programs according to the embodiments
of the present technology are for example programs that can
be provided by storage media provided in a computer read-
able format for general-purpose computer systems capable of
executing various program codes and by communication
media, by for example storage media such as optical disks,
magnetic disks, semiconductor memories, and the like or by
communication media such as networks and the like. Such
programs are provided in a computer readable format,
whereby processing according to the programs is realized on
computer systems.

According to the embodiment of the present technology, an
edge is detected using the image signal of a reference image
for a coding object block. On the basis of a result of the edge
detection, transform blocks are set by dividing the coding
object block such that boundaries between the blocks after the
division do not include the edge. In addition, transform pro-
cessing is performed for each transform block, and coded data
is generated. An image decoding device for decoding the
coded data detects the edge using the image signal of the
reference image for a decoding object block. On the basis of
a result of the edge detection, transform blocks are set by
dividing the decoding object block such that boundaries
between the blocks after the division do not include the edge.
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In addition, inverse transform processing is performed for
each transform block, and the image signal of a decoded
image is generated.

It is therefore possible to prevent a continuous edge from
straddling a plurality of transform blocks and thus improve
subjective image quality. In addition, transform blocks not
including an edge can be increased, so that an effect of
improving efficiency of energy concentration can be
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a configuration of an image
coding device in a first embodiment;

FIGS. 2A and 2B are diagrams showing configurations of
a first transform section and a first quantizing section;

FIG. 3 is a diagram showing a configuration of a second
transform section;

FIG. 4 is a diagram showing a configuration of a second
quantizing section;

FIGS. 5A and 5B are diagrams showing configurations of
a first inverse transform section and a first dequantizing sec-
tion;

FIG. 6 is a diagram showing a configuration of a second
dequantizing section;

FIG. 7 is a diagram showing a configuration of a second
inverse transform section;

FIGS. 8A, 8B, 8C, and 8D are diagrams showing macrob-
locks of intra-frame prediction in the H.264/AVC system;

FIG. 9 is a diagram of assistance in explaining positional
relation between a sub-block and an adjacent pixel signal;

FIGS. 10A, 10B, 10C, 10D, 10E, 10F, 10G, 10H, and 101
are diagrams showing prediction modes for 4x4 pixels in
intra-frame prediction;

FIGS. 11A, 11B, and 11C are diagrams of assistance in
explaining one-dimensional DCTs in a case of a prediction
mode 3;

FIGS. 12A and 12B are diagrams of assistance in explain-
ing one-dimensional DCTs in a case of a prediction mode 5;

FIG. 13 is a flowchart (1/2) showing operation of the image
coding device in the first embodiment;

FIG. 14 is a flowchart (2/2) showing the operation of the
image coding device in the first embodiment;

FIGS. 15A, 15B, 15C, 15D, 15E, and 15F are diagrams of
assistance in explaining operation of a reference image edge
detecting section;

FIGS. 16A,16B, 16C, and 16D are diagrams of assistance
in explaining operation of a transform block setting section;

FIG. 17 is a flowchart showing a procedure for setting
transform blocks;

FIGS. 18A, 18B, 18C, 18D, and 18E are diagrams showing
a case in which transform blocks are set by dividing a sub-
block of 8x8 pixels into four parts;

FIG. 19 is a diagram showing a configuration of an image
decoding device in the first embodiment;

FIG. 20 is a flowchart showing operation of the image
decoding device in the first embodiment;

FIG. 21 is a diagram showing a configuration of an image
coding device in a second embodiment;

FIG. 22 is a diagram showing a configuration of an image
decoding device in the second embodiment;

FIG. 23 is a flowchart showing operation of the image
decoding device in the second embodiment;

FIG. 24 is a diagram showing a configuration of an image
coding device in a third embodiment;

FIG. 25 is a flowchart (1/2) showing operation of the image
coding device in the third embodiment;
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FIG. 26 is a flowchart (2/2) showing the operation of the
image coding device in the third embodiment;

FIGS. 27A and 27B are diagrams of assistance in explain-
ing edge detection using motion compensation;

FIG. 28 is a diagram showing a configuration of an image
decoding device in the third embodiment; and

FIG. 29 is a flowchart showing operation of the image
decoding device in the third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Modes for carrying out the present technology will here-
inafter be described. The present technology prevents a con-
tinuous edge from straddling a plurality of transform blocks
and thus improves subjective image quality by setting trans-
form blocks for an orthogonal transform in consideration of
edge continuity on the basis of a mode of intra-frame predic-
tion (intra prediction). In addition, the present technology
improves energy concentration by increasing transform
blocks not including an edge. Further, description will be
made of applicability of the present technology also to inter-
frame prediction (inter prediction). Incidentally, description
will be made in the following order.

1. First Embodiment

1-1. Configuration of Image Coding Device
1-2. Operation of Image Coding Device

1-3. Configuration of Image Decoding Device
1-4. Operation of Image Decoding Device

2. Second Embodiment

2-1. Configuration of Image Coding Device
2-2. Operation of Image Coding Device

2-3. Configuration of Image Decoding Device
2-4. Operation of Image Decoding Device

3. Third Embodiment

3-1. Configuration of Image Coding Device
3-2. Operation of Image Coding Device

3-3. Configuration of Image Decoding Device
3-4. Operation of Image Decoding Device

1. First Embodiment
1-1. Configuration of Image Coding Device

FIG. 1 shows a configuration of an image coding device in
a first embodiment. The image coding device 10 includes an
arithmetic section 11, a processing selecting switch 12, a first
transform section 13, a second transform section 14, a first
quantizing section 15, a second quantizing section 16, and an
entropy coding section 17. The image coding device 10 also
includes a processing selecting switch 18, a first dequantizing
section 19, a second dequantizing section 20, a first inverse
transform section 21, a second inverse transform section 22,
an arithmetic section 23, a reference memory 24, and a pre-
dicting section 25. The image coding device 10 further
includes a reference image edge detecting section 31, a trans-
form block setting section 32, and a coding control section 40.

The arithmetic section 11 calculates a prediction error of a
predicted image with respect to an input image by subtracting
a predicted image signal DS18 generated in the predicting
section 25 to be described later from an input image signal
DS1. The arithmetic section 11 outputs a prediction error
signal DS2 indicating the prediction error to the processing
selecting switch 12.

The processing selecting switch 12 makes switch selection
on the basis of transform information DS40 supplied from the
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coding control section 40 to output the prediction error signal
DS2 to the first quantizing section 15 or the second quantizing
section 16.

As shown in FIG. 2A, the first transform section 13
includes a horizontal and vertical DCT section 131. The hori-
zontal and vertical DCT section 131 performs a horizontal
and vertical DCT of'the prediction error signal DS2 supplied
from the processing selecting switch 12. In addition, the
horizontal and vertical DCT section 131 sets transform
blocks in which the horizontal and vertical DCT is performed
on the basis of transform block setting information DS32
supplied from the transform block setting section 32 to be
described later. The horizontal and vertical DCT section 131
outputs transform coefficients DS3 obtained by performing
the horizontal and vertical DCT to the first quantizing section
15.

As shown in FIG. 2B, the first quantizing section 15 has a
horizontal and vertical quantizing section 151. The horizontal
and vertical quantizing section 151 quantizes the transform
coefficients DS3 output from the first transform section 13.
The horizontal and vertical quantizing section 151 outputs
quantized data DS5 obtained by performing the quantization
to the entropy coding section 17 and the processing selecting
switch 18.

The second transform section 14 includes DCT sections
provided for respective prediction directions as oblique direc-
tions and a pattern selecting switch for selecting a DCT sec-
tion corresponding to a prediction direction. For example, as
will be described later with reference to FIGS. 10A to 101,
suppose that six modes from a prediction mode 3 to a predic-
tion mode 8 whose prediction directions are oblique direc-
tions are provided in an intra-frame prediction mode. In this
case, as shown in FIG. 3, the second transform section 14
includes a first oblique direction pattern DCT section 141
corresponding to the oblique direction of the prediction mode
3, ..., and a sixth oblique direction pattern DCT section 146
corresponding to the oblique direction of the prediction mode
8. The second transform section 14 also includes a pattern
selecting switch 140 for selecting a DCT section correspond-
ing to a prediction mode.

The pattern selecting switch 140 supplies the prediction
error signal DS2 supplied from the processing selecting
switch 12 to one of the first to sixth oblique direction pattern
DCT sections 141 to 146 on the basis of prediction mode
information DS20 from the predicting section 25 to be
described later. For example, when the prediction mode infor-
mation DS20 indicates the prediction mode 3, the pattern
selecting switch 140 supplies the prediction error signal DS2
to the first oblique direction pattern DCT section 141 corre-
sponding to the oblique direction of the prediction mode 3.
When the prediction mode information DS20 indicates the
prediction mode 8, the pattern selecting switch 140 supplies
the prediction error signal DS2 to the sixth oblique direction
pattern DCT section 146 corresponding to the oblique direc-
tion of the prediction mode 8.

The first oblique direction pattern DCT section 141 per-
forms a DCT according to a prediction direction on the pre-
diction error signal DS2 supplied via the pattern selecting
switch 140. In addition, the first oblique direction pattern
DCT section 141 sets transform blocks for the DCT on the
basis of the transform block setting information DS32 sup-
plied from the transform block setting section 32 to be
described later. The first oblique direction pattern DCT sec-
tion 141 outputs transform coefficients DS4 obtained by per-
forming the DCT to the second quantizing section 16. The
second to sixth oblique direction pattern DCT sections 142 to
146 similarly perform a DCT according to a prediction direc-
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tion on the prediction error signal DS2, and output resulting
transform coefficients DS4 to the second quantizing section
16. Thus, the second transform section 14 selectively uses the
first to sixth oblique direction pattern DCT sections 141 to
146 on the basis of the prediction mode information DS20 to
perform a DCT according to a prediction mode in each trans-
form block based on the transform block setting information
DS32.

The second quantizing section 16 includes quantizing sec-
tions provided for respective prediction directions as oblique
directions and a pattern selecting switch for selecting a quan-
tizing section corresponding to a prediction direction. For
example, suppose that the six modes from the prediction
mode 3 to the prediction mode 8 whose prediction directions
are oblique directions are provided. In this case, as shown in
FIG. 4, the second quantizing section 16 includes a first
oblique direction pattern quantizing section 161 correspond-
ing to the oblique direction of the prediction mode 3, . .., and
a sixth oblique direction pattern quantizing section 166 cor-
responding to the oblique direction of the prediction mode 8.
The second quantizing section 16 also includes a pattern
selecting switch 160 for selecting a quantizing section corre-
sponding to a prediction mode.

The pattern selecting switch 160 supplies the transform
coefficients DS4 supplied from the second transform section
14 to one of the first to sixth oblique direction pattern quan-
tizing sections 161 to 166 on the basis of the prediction mode
information DS20 from the predicting section 25. For
example, when the prediction mode information DS20 indi-
cates the prediction mode 3, the pattern selecting switch 160
supplies the transform coeflicients DS4 obtained in the first
oblique direction pattern DCT section 141 of the second
transform section 14 to the first oblique direction pattern
quantizing section 161 corresponding to the prediction mode
3. When the prediction mode information DS20 indicates the
prediction mode 8, the pattern selecting switch 160 supplies
the transform coefficients DS4 obtained in the sixth oblique
direction pattern DCT section 146 of the second transform
section 14 to the sixth oblique direction pattern quantizing
section 166 corresponding to the oblique direction of the
prediction mode 8.

The first oblique direction pattern quantizing section 161
quantizes the transform coefficients DS4 supplied from the
first oblique direction pattern DCT section 141 of the second
transform section 14 via the pattern selecting switch 160. In
addition, the first oblique direction pattern quantizing section
161 quantizes transform coefficients DS4 in each transform
block on the basis of the transform block setting information
DS32 supplied from the transform block setting section 32 to
be described later. The first oblique direction pattern quantiz-
ing section 161 outputs quantized data DS6 obtained by per-
forming the quantization to the entropy coding section 17 and
the processing selecting switch 18. The second to sixth
oblique direction pattern quantizing sections 162 to 166 simi-
larly quantize the transform coefficients DS4 obtained by
DCTs according to prediction directions in each transform
block, and output resulting quantized data DS6 to the entropy
coding section 17 and the processing selecting switch 18.
Thus, the second quantizing section 16 quantizes the trans-
form coefficients obtained by performing the DCTs accord-
ing to the prediction directions in the second transform sec-
tion 14 in each DCT block in the respective prediction
directions.

The entropy coding section 17 in FIG. 1 performs entropy
coding of the quantized data DS5 supplied from the first
quantizing section 15 or the quantized data DS6 supplied
from the second quantizing section 16. The entropy coding
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section 17 also performs entropy coding of the prediction
mode information DS20 generated in the predicting section
25, the transform information DS40 generated in the coding
control section 40, and the like to be described later. The
entropy coding section 17 outputs coded data DSC obtained
by performing the entropy coding.

The processing selecting switch 18 selects an inverse trans-
form method on the basis of the transform information DS40
supplied from the coding control section 40. The processing
selecting switch 18 outputs the quantized data DS5 from the
first quantizing section 15 to the first dequantizing section 19,
and outputs the quantized data DS6 from the second quantiz-
ing section 16 to the second dequantizing section 20.

As shown in FIG. 5A, the first dequantizing section 19 has
a horizontal and vertical dequantizing section 191. The hori-
zontal and vertical dequantizing section 191 dequantizes the
quantized data DS5 supplied via the processing selecting
switch 18. In addition, the horizontal and vertical dequantiz-
ing section 191 dequantizes the quantized data in each trans-
form block corresponding to that of the first quantizing sec-
tion 15 on the basis ofthe transform block setting information
DS32 supplied from the transform block setting section 32.
The first dequantizing section 19 outputs transform coeffi-
cients DS11 obtained by performing the dequantization to the
first inverse transform section 21.

As shown in FIG. 5B, the first inverse transform section 21
has a horizontal and vertical inverse DCT section 211. The
horizontal and vertical inverse DCT section 211 subjects the
transform coefficients DS11 supplied from the first dequan-
tizing section 19 to an inverse DCT in the horizontal and
vertical directions which inverse DCT corresponds to the
DCT in the horizontal and vertical directions in the first
transform section 13. The horizontal and vertical inverse
DCT section 211 outputs a prediction error signal DS13
obtained by performing the inverse DCT to the arithmetic
section 23.

The second dequantizing section 20 is configured to per-
form dequantization corresponding to the quantization per-
formed in the second quantizing section 16. For example, as
shown in FIG. 6, the second dequantizing section 20 includes
a pattern selecting switch 200 and a first oblique direction
pattern dequantizing section 201 to a sixth oblique direction
pattern dequantizing section 206.

The pattern selecting switch 200 supplies the quantized
data DS6 supplied via the processing selecting switch 18 to
one of the first to sixth oblique direction pattern dequantizing
sections 201 to 206 on the basis of the prediction mode
information DS20 from the predicting section 25. For
example, when the prediction mode information DS20 indi-
cates the prediction mode 3, the pattern selecting switch 200
supplies the quantized data DS6 obtained in the first oblique
direction pattern quantizing section 161 of the second quan-
tizing section 16 to the first oblique direction pattern dequan-
tizing section 201 corresponding to the prediction mode 3.
Similarly, when the prediction mode information DS20 indi-
cates the prediction mode 8, the pattern selecting switch 200
supplies the quantized data DS6 obtained in the sixth oblique
direction pattern quantizing section 166 of the second quan-
tizing section 16 to the sixth oblique direction pattern dequan-
tizing section 206 corresponding to the prediction mode 8.

The first oblique direction pattern dequantizing section 201
subjects the quantized data DS6 supplied via the pattern
selecting switch 200 to dequantization corresponding to the
quantization of the first oblique direction pattern quantizing
section 161 in the second quantizing section 16. In addition,
the first oblique direction pattern dequantizing section 201
dequantizes the quantized data in each transform block cor-
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responding to that of the second quantizing section 16 on the
basis of the transform block setting information DS32 sup-
plied from the transform block setting section 32. The first
oblique direction pattern dequantizing section 201 outputs
transform coefficients DS12 obtained by performing the
dequantization to the second inverse transform section 22. In
addition, the second to sixth oblique direction pattern dequan-
tizing sections 202 to 206 similarly dequantize the supplied
quantized data DS6, and output resulting transform coeffi-
cients DS12 to the second inverse transform section 22. Thus,
the second dequantizing section 20 performs dequantization
in correspondence with the quantization of the second quan-
tizing section 16.

The second inverse transform section 22 is configured to
perform an inverse DCT corresponding to the DCT per-
formed in the second transform section 14. For example, as
shown in FIG. 7, the second inverse transform section 22
includes a pattern selecting switch 220 and a first oblique
direction pattern inverse DCT section 221 to a sixth oblique
direction pattern inverse DCT section 226.

The pattern selecting switch 220 supplies the transform
coefficients DS12 supplied from the second dequantizing
section 20 to one of the first to sixth oblique direction pattern
inverse DCT sections 221 to 226 on the basis of the prediction
mode information DS20 from the predicting section 25. For
example, when the prediction mode information DS20 indi-
cates the prediction mode 3, the pattern selecting switch 220
supplies the transform coefficients DS12 obtained in the first
oblique direction pattern dequantizing section 201 in the sec-
ond dequantizing section 20 to the first oblique direction
pattern inverse DCT section 221 corresponding to the predic-
tion mode 3. Similarly, when the prediction mode informa-
tion DS20 indicates the prediction mode 8, the pattern select-
ing switch 220 supplies the transform coefficients DS12
obtained in the sixth oblique direction pattern dequantizing
section 206 in the second dequantizing section 20 to the sixth
oblique direction pattern inverse DCT section 226 corre-
sponding to the prediction mode 8.

The first oblique direction pattern inverse DCT section 221
subjects the transform coefficients DS12 supplied via the
pattern selecting switch 220 to aninverse DCT corresponding
to the DCT of the first oblique direction pattern DCT section
141 in the second transform section 14. The first oblique
direction pattern inverse DCT section 221 performs an
inverse DCT of transform coefficients in each transform
block corresponding to that of the second transform section
14 on the basis of the transform block setting information
DS32 supplied from the transform block setting section 32.
The first oblique direction pattern inverse DCT section 221
outputs a prediction error signal DS14 obtained by perform-
ing the inverse DCT to the arithmetic section 23. In addition,
the second to sixth oblique direction pattern inverse DCT
sections 222 to 226 similarly perform an inverse DCT of the
supplied transform coefficients DS12, and output a resulting
prediction error signal DS14 to the arithmetic section 23.
Thus, the second inverse transform section 22 performs the
inverse DCTs corresponding to the DCTs according to the
prediction directions in the second transform section 14.

The arithmetic section 23 generates a reference image sig-
nal DS15 by adding the predicted image signal DS18 gener-
ated in the predicting section 25 to the prediction error signal
DS13 supplied from the first inverse transform section 21 or
the prediction error signal DS14 supplied from the second
inverse transform section 22. The arithmetic section 23 stores
the generated reference image signal DS15 in the reference
memory 24.
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The reference image signal DS15 stored in the reference
memory 24 is supplied to the predicting section 25 and the
reference image edge detecting section 31.

The predicting section 25 performs intra-frame prediction
in each prediction mode using the reference image signal
DS15. In addition, the predicting section 25 determines a
prediction mode that maximizes coding efficiency, and gen-
erates prediction mode information DS20 indicating the pre-
diction mode that maximizes coding efficiency. The predict-
ing section 25 outputs the generated prediction mode
information DS20 to the second transform section 14, the
second quantizing section 16, the entropy coding section 17,
the second dequantizing section 20, the second inverse trans-
form section 22, and the transform block setting section 32.
Further, the predicting section 25 generates the predicted
image signal DS18 in the prediction mode that maximizes
coding efficiency, and outputs the predicted image signal
DS18 to the arithmetic sections 11 and 23.

The reference image edge detecting section 31 detects an
edge using an image signal of a coded adjacent bock stored in
the reference memory 24, and outputs an index DS31 indi-
cating the position of the edge and the intensity (steepness of
change in density) of the edge to the transform block setting
section 32.

The transform block setting section 32 estimates the con-
tinuity ofthe edge within a sub-block as a coding object on the
basis of the index DS31 supplied from the reference image
edge detecting section 31 and the prediction mode informa-
tion DS20 supplied from the predicting section 25. The trans-
form block setting section 32 divides the sub-block as the
coding object from a result of the estimation, sets transform
blocks in an orthogonal transform and quantization, and gen-
erates transform block setting information DS32 indicating
the set transform blocks. The transform block setting section
32 outputs the generated transform block setting information
DS32 to the first transform section 13, the second transform
section 14, the first quantizing section 15, the second quan-
tizing section 16, the first dequantizing section 19, the second
dequantizing section 20, the first inverse transform section
21, and the second inverse transform section 22.

The coding control section 40 generates transform infor-
mation DS40. The transform information DS40 is informa-
tion for selecting either a process of performing a horizontal
and vertical DCT in relation to the orthogonal transform and
horizontal and vertical quantization or a process of perform-
ing a one-dimensional DCT and quantization along the pre-
diction direction indicated by the prediction mode informa-
tion DS20. The coding control section 40 outputs the
generated transform information DS40 to the processing
selecting switch 12, the entropy coding section 17, and the
processing selecting switch 18.

1-2. Operation of Image Coding Device

The operation of the image coding device will next be
described. In the case of a luminance signal in the intra-frame
prediction of the H.264/AVC system, for example, a plurality
of macroblocks are set in a coding object frame as shown in
FIG. 8A. FIG. 8B shows a macroblock having 16 sub-blocks
of 4x4 pixels. FIG. 8C shows a macroblock having four
sub-blocks of 8x8 pixels. FIG. 8D shows a macroblock hav-
ing one sub-block of 16x16 pixels.

In the H.264/AVC system, four modes, that is, prediction
modes O to 3 are set as prediction modes for sub-blocks of
16x16 pixels. In addition, nine prediction modes, that is,
prediction modes O to 8 are set as prediction modes for sub-
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blocks of 8x8 pixels. Further, nine prediction modes, that is,
prediction modes 0 to 8 are set as prediction modes for sub-
blocks of 4x4 pixels.

FIG. 9 is a diagram of assistance in explaining positional
relation between for example pixels a to p belonging to a
sub-block of 4x4 pixels and pixels A to M adjacent to the
sub-block in adjoining blocks on aleft side, an upper left side,
an upper side, and an upper right side of the sub-block.

FIGS. 10A to 101 represent prediction modes for 4x4 pix-
els in intra-frame prediction. Incidentally, arrows in FIGS.
10A to 10I indicate a prediction direction. FIG. 10A repre-
sents a prediction mode O (vertical). The prediction mode 0
generates predicted values from the reference pixels A to D
adjoining in a vertical direction. FIG. 10B represents a pre-
diction mode 1 (horizontal). As indicated by arrows, the pre-
diction mode 1 generates predicted values from the reference
pixels I to L. adjoining in a horizontal direction. FIG. 10C
represents a prediction mode 2 (DC). The prediction mode 2
generates predicted values from the reference pixels A to D
and I to L adjoining in the vertical direction and the horizontal
direction of the block among the 13 reference pixels A to M.

FIG. 10D represents a prediction mode 3 (diagonal down-
left). The prediction mode 3 generates predicted values from
the reference pixels A to H continuous in the horizontal direc-
tion among the 13 reference pixels A to M. FIG. 10E repre-
sents a prediction mode 4 (diagonal down-right). The predic-
tion mode 4 generates predicted values from the reference
pixels A to D and I to M adjacent to the block in question
among the 13 reference pixels A to M. FIG. 10F represents a
prediction mode 5 (vertical-right). The prediction mode 5
generates predicted values from the reference pixels A to D
and I to M adjacent to the block in question among the 13
reference pixels A to M.

FIG. 10G represents a prediction mode 6 (horizontal-
down). As with the prediction mode 4 and the prediction
mode 5, the prediction mode 6 generates predicted values
from the reference pixels A to D and I to M adjacent to the
block in question among the 13 reference pixels A to M. FIG.
10H represents a prediction mode 7 (vertical-left). The pre-
diction mode 7 generates predicted values from the four ref-
erence pixels A to D adjoining on the upper side of the block
in question and the three reference pixels E to G following the
four reference pixels A to D among the 13 reference pixels A
to M. FIG. 10I represents a prediction mode 8 (horizontal-
up). The prediction mode 8 generates predicted values from
the four reference pixels 1to L adjoining on the left side of the
block in question among the 13 reference pixels A to M.

The predicting section 25 generates a predicted image sig-
nal DS18 in each of the above-described prediction modes. In
addition, the coding control section 40 generates the trans-
form information DS40 according to a prediction mode
selected by the predicting section 25. For example, the coding
control section 40 generates the transform information DS40
as information for selecting either a process of performing a
horizontal and vertical DCT in relation to an orthogonal trans-
form and horizontal and vertical quantization or a process of
performing a one-dimensional DCT and quantization along
the prediction direction indicated by the prediction mode
information DS20.

When the transform information DS40 indicates a predic-
tion mode of the horizontal and vertical directions, the pro-
cessing selecting switch 12 supplies the prediction error sig-
nal DS2 to the first transform section 13 so that a DCT in the
horizontal and vertical directions is performed. In addition,
when the transform information DS40 indicates an oblique
direction prediction mode, the processing selecting switch 12
supplies the prediction error signal DS2 to the second trans-
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form section 14 so that a one-dimensional DCT is performed
along the prediction direction.

When the transform information DS40 indicates a predic-
tion mode of the horizontal and vertical directions, the pro-
cessing selecting switch 18 supplies the quantized data DS5
to the first dequantizing section 19 so that the quantized data
obtained by a DCT and quantization in the horizontal and
vertical directions is subjected to corresponding dequantiza-
tion and a corresponding inverse transform. When the trans-
form information DS40 indicates an oblique direction predic-
tion mode, the processing selecting switch 18 supplies the
quantized data DS6 to the second dequantizing section 20 so
that the quantized data obtained by a one-dimensional DCT
and quantization in the oblique direction is subjected to cor-
responding dequantization and a corresponding inverse trans-
form.

Description in the following will be made of determination
of a prediction mode that maximizes coding efficiency. The
predicting section 25 performs a coding process in each of the
prediction modes, and determines that a prediction mode that
minimizes coding cost obtained as a result of the coding
process is an optimum mode. Specifically, a coding cost K is
calculated by using Equation (1), and a prediction mode that
minimizes the coding cost K is set as an optimum mode.

K=SAD+)\xOH o)

where a difference error SAD is an absolute value of a differ-
ence value between the predicted image signal generated by a
prediction method defined in the prediction mode and the
input image signal, side information OH is an amount of
various information necessary when the prediction mode is
used, and a coefficient A is a Lagrange multiplier.

In addition, the determination of the optimum mode is not
limited to the case of using the side information and the
absolute value of the difference value, but the mode may be
determined using only the mode information or only an abso-
Iute sum of a prediction error signal, or values obtained by
performing a Hadamard transform or approximation of these
pieces of information may be used. In addition, the coding
cost K may be obtained by using the activity of the input
image, or the coding cost may be obtained using a quantiza-
tion scale.

The coding cost K can also be calculated by using Equation

Q).

K=D+)xR )

where a coding distortion D represents a square error between
the input image signal and a local decoded image signal, an
amount of code R is estimated by tentative coding, and a
coefficient A is a constant determined on the basis of a quan-
tization parameter.

When the coding cost is calculated by using Equation (2),
the image coding device 10 needs entropy coding and local
decoding (including dequantization and inverse transform
processing) for each mode. Thus, though a circuit scale is
increased, an accurate amount of code and accurate coding
distortion can be used, and the coding efficiency can be main-
tained at a high level.

Description will next be made of a DCT performed in the
H.264/AVC system as a method of a one-dimensional DCT
along a prediction direction. Letting X be the input image
signal and letting T be a transform matrix for a sub-block of
4x4 pixels, a transform coefficient C is obtained according to
Equation (3).
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c=T-X-T (3)

where T =

That is, the input image signal is subjected to a one-dimen-
sional DCT in the horizontal direction using the transform
matrix T, and thereafter subjected to a one-dimensional DCT
in the vertical direction using the transposed matrix T of the
transform matrix T. This operation also applies to a sub-block
of 8x8 pixels.

Next, a DCT along a prediction direction is performed for
the prediction modes in the six directions excluding the three
types of the prediction mode 0 (vertical), the prediction mode
1 (horizontal), and the prediction mode 2 (DC) among the
nine types of prediction modes of intra-frame prediction
defined in the H.264/AVC system.

Description in the following will be made of a case in
which a DCT along a prediction direction is performed for the
sub-block of 4x4 pixels shown in FIG. 9. In the case of the
prediction mode 3, the pixels within the sub-block are
grouped into seven sets of (a), (b, e), (c, 1, 1), (d, g,j, m), (h, k,
n), (1, 0), and (p) along the prediction direction.

FIG. 11A shows a combination of pixel strings in which a
one-dimensional DCT is performed. Letting F(u) be a trans-
form coefficient, a one-dimensional DCT with a base length
of four is performed for the pixel string (d, g, j, m) present in
a diagonal line of the 4x4 pixel block.

Equation (4) represents the transform coefficient F(u)
when the base length is “N.”

)

[2 4 2x+1
Flu) = v C(u)z f(x)cos{ﬂ( ;1-; )u}
x=0

When the transform coefficient F(u) is obtained for the
pixel string (d, g, j, m), the transform coefficient F(u) can be
obtained by performing the operation of Equation (4) with the
base length “N=4" and with “f(0)=d, f(1)=g, {(2)=, and f(3)
=m.”

When the transform coefficient F(u) is obtained for the
pixel string (c, f, 1), the transform coefficient F(u) can be
obtained by performing the operation of Equation (4) with the
base length “N=3" and with “f(0)=c, {{1)=f, and {(2)=1.”

For the pixel (a) and the pixel string (b, ), the transform
coefficient F(u) is obtained with the pixels combined with
each other in a folded-back manner. In this case, the transform
coefficient F(u) can be obtained by performing the operation
of Equation (4) with the base length “N=3" and with “f(0)=b,
f(1)=e, and f(2)=a” or “f(0)=e, f(1)=b, and f(2)=a.”

FIG. 11B represents a case in which a one-dimensional
DCT is performed without pixels combined with each other in
a folded-back manner. A one-dimensional DCT similar to that
of FIG. 11A is performed for the pixel strings (d, g, j, m) and
(c, 1, 1). A one-dimensional DCT is performed for each of the
pixel string (b, e) and the pixel (a) without the pixels being
combined with each other in a folded-back manner. Specifi-
cally, when the transform coefficient F(u) is obtained for the
pixel string (b, e), the transform coefficient F(u) can be
obtained by performing the operation of Equation (4) with the
base length “N=2" and with “f(0)=b and f(1)=e.” When the
transform coefficient F(u) is obtained for the pixel (a), the
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transform coefficient F(u) can be obtained by performing the
operation of Equation (4) with the base length “N=1" and
with “f(0)=a.”

FIG. 11C represents a case in which a one-dimensional
DCT is performed with all of the pixel strings (¢, f, 1) and (e,
b) and the pixel (a) combined with each other in a folded-back
manner. A one-dimensional DCT similar to that of FIG. 11A
is performed for the pixel string (d, g, j, m). For the pixel
strings (¢, f, 1) and (e, b) and the pixel (a), a one-dimensional
DCT is performed with the pixels combined with each other
in a folded-back manner. Specifically, when the transform
coefficient F(u) is obtained for the pixel string (c, {, i, e, b, a),
the transform coefficient F(u) can be obtained by performing
the operation of Equation (4) with the base length “N=6" and
with “f(0)=c, f(1)=f, f(2)=i, {(3)=e, {(4)=b, and f(5)=a” or
“f0)=, (1=, f(2)=c, f{(3)=b, f(4)=e, and f(5)=a.” Inciden-
tally, the transform coefficient F(u) can be obtained in a
similar manner for the pixel strings (h, k, n) and (1, 0) and the
pixel (p).

In the case of the prediction mode 4, it can be considered
that the prediction direction of the prediction mode 3 is hori-
zontally reversed in the prediction mode 4, and therefore DCT
operation can be performed in a similar manner to that of the
prediction mode 3.

Description will next be made of a DCT operation method
corresponding to the prediction modes 5 to 8. In the case of
the prediction mode 5, the pixels within the sub-block are
grouped into five sets of pixel strings (a, e, j, n), (b, f, k, 0), (c,
g, 1, p), (i, m), and (d, h) along the prediction direction. FIG.
12A shows the combination of the pixel strings to which a
one-dimensional DCT is applied. When the transform coet-
ficient F(u) is obtained for the pixel string (a, e, j, n), the
transform coefficient F(u) can be obtained by performing the
operation of Equation (4) with the base length “N=4" and
with “f(0)=a, f(1)=e, {(2)=j, and f(3)=n.” For the pixel strings
(b, f,k,0)and (c, g, 1, p), the transform coefficient F(u) can be
obtained by performing similar operation.

When the transform coefficient F(u) is obtained for the
pixel string (i, m), the transform coefficient F(u) can be
obtained by performing the operation of Equation (4) with the
base length “N=2" and with “f(0)=i and f(1)=m.” For the pixel
string (d, h), the transform coefficient F(u) can be obtained by
performing similar operation.

In addition, a method of performing a one-dimensional
DCT with pixels combined with each other in a folded-back
manner can be considered as another example of DCT opera-
tion corresponding to the prediction mode 5. FIG. 12B shows
a combination of pixel strings to which a one-dimensional
DCT is applied in this case. A one-dimensional DCT similar
to that of the above-described one-dimensional DCT is per-
formed for the pixel string (b, f, k, 0). For the pixel strings (a,
e, j, n) and (m, i) and the pixel strings (p, 1, g, ¢) and (d, h), a
one-dimensional DCT is performed with the pixels combined
with each other in a folded-back manner. Specifically, when
the transform coefficient F(u) is obtained for the pixel string
(a, e, j, n, m, 1), the transform coefficient F(u) can be obtained
by performing the operation of Equation (4) with the base
length “N=6" and with “f(0)=a, f(1)=e, {(2)=j, {(3)=n, {(4)
=m, and f(5)=1 In addition, the transform coefficient F(u)
can be obtained by performing similar operation for the pixel
strings (p, 1, g, ¢) and (d, h).

In the case of the prediction modes 6 to 8, it can be con-
sidered that the prediction direction of the prediction mode 5
is rotated or reversed in the prediction modes 6 to 8, and
therefore DCT operation can be performed in a similar man-
ner to that of the prediction mode 5.
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In addition, as for the block size of sub-blocks as coding
objects, the coding process can also be performed with blocks
of smaller sizes than the 4x4 pixel size or blocks of larger
sizes than the 4x4 pixel size as sub-blocks. In addition, the
DCT operation is not limited to real-number DCT operation,
but the DCT can also be performed by integer operation.

FIG. 13 and FIG. 14 are flowcharts of operation of the
image coding device 10 in the first embodiment. Incidentally,
suppose that the prediction modes 0 to 8 shown in FIGS. 10A
to 101 are provided in the coding process.

In step ST1, the image coding device 10 obtains an input
image. The image coding device 10 obtains an input image
signal DS1, and starts coding in each macroblock or each
macroblock pair.

In step ST2, the image coding device 10 performs initial-
ization relating to sub-blocks. The image coding device 10
initializes a sub-block index sub_blk to “sub_blk=0" and sets
amaximum sub-block number MAX_SUB_BLK at the same
time. The image coding device 10 then proceeds to step ST3.

In step ST3, the image coding device 10 determines
whether the sub-block index sub_blk is smaller than the maxi-
mum sub-block number MAX_SUB_BLK. When the sub-
block index sub_blk is smaller than the maximum sub-block
number MAX_SUB_BLK, there is a sub-block yet to be
coded among sub-blocks within a macroblock, and therefore
the image coding device 10 proceeds to step ST4. When the
sub-block index sub_blk is not smaller than the maximum
sub-block number MAX_SUB_BLK, there is no sub-block
yet to be coded among the sub-blocks within the macroblock,
and therefore the image coding device 10 proceeds to step
ST22.

In step ST4, the image coding device 10 performs initial-
ization relating to prediction modes. The image coding device
10 initializes a prediction mode index mode_idx to
“mode_idx=0,” and sets a maximum selectable mode number
MAX_MODE. For example, when nine prediction modes, or
the prediction modes 0 to 8, are provided, “MAX_
MODE=9" Incidentally, a prediction mode index
mode_idx=0 corresponds to the prediction mode 0. Similarly,
the indexes mode_idx=1 to 8 correspond to the prediction
modes 1 to 8.

In step ST5, the image coding device 10 determines
whether the prediction mode index mode_idx is smaller than
the maximum mode number MAX_MODE. When the pre-
diction mode index mode_idx is smaller than the maximum
mode number MAX_MODE, not all intra-frame prediction
modes have been tried, and therefore the image coding device
10 proceeds to step ST6. When the prediction mode index
mode_idx is not smaller than the maximum mode number
MAX_MODE, all the intra-frame prediction modes have
been tried, and therefore the image coding device 10 proceeds
to step ST21.

In step ST6, the image coding device 10 sets transform
information trans_idx. The image coding device 10 sets the
transform information trans_idx according to the value of the
prediction mode index mode_idx. When the prediction mode
index mode_idx indicates an oblique direction prediction
mode (prediction mode 3 to 8), the image coding device 10
sets the transform information trans_idx to “trans_idx=0."
The image coding device 10 then proceeds to step ST7. When
the prediction mode index mode_idx indicates a non-oblique
direction prediction mode (prediction mode 0 to 2), the image
coding device 10 sets the transform information trans_idx to
“trans_idx=1.” The image coding device 10 then proceeds to
step ST7.

In step ST7, the image coding device 10 generates a pre-
dicted image signal in the prediction mode of the index
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mode_idx. The image coding device 10 generates the pre-
dicted image signal in the prediction mode indicated by the
index mode_idx using the image signal of a reference image.
The image coding device 10 then proceeds to step ST8.

In step ST8, the image coding device 10 generates a pre-
diction error signal. The image coding device 10 generates the
prediction error signal DS2 by calculating difference between
the predicted image signal DS18 in the generated predicted
image signal DS18 in the prediction mode of the index
mode_idx and the input image signal DS1. The image coding
device 10 then proceeds to step ST9.

In step ST9, the image coding device 10 performs edge
detection. The image coding device 10 detects an edge using
the image signal of the stored reference image (image signal
of a coded adjacent block), and generates an index DS31
indicating the position of the edge and the intensity of the
edge. The image coding device 10 then proceeds to step
ST10.

In step ST10, the image coding device 10 sets transform
blocks. The image coding device 10 estimates the continuity
of the edge within the sub-block as a coding object on the
basis of the index DS31 indicating the position of the edge
and the intensity of the edge and the direction of the predic-
tion mode indicated by the index mode_idx. Further, the
image coding device 10 sets transform blocks on the basis of
a result of the estimation, and generates transform block
setting information DS32. The image coding device 10 then
proceeds to step ST11.

In step ST11, the image coding device 10 determines
whether the prediction mode index mode_idx is smaller than
a minimum mode number mode_direction of an oblique
direction prediction mode as a minimum value of the mode
numbers of the oblique direction prediction modes, or
whether the transform information is “trans_idx=1." The
image coding device 10 proceeds to step ST12 in at least one
of the cases where the prediction mode index mode_idx is
smaller than the minimum mode number mode_direction and
where the transform information is “trans_idx=1”" Other-
wise, the image coding device 10 proceeds to step ST14.

In step ST12, the image coding device 10 performs a hori-
zontal and vertical DCT. The image coding device 10 then
proceeds to step ST13. In step ST13, the image coding device
10 performs horizontal and vertical quantization. The image
coding device 10 then proceeds to step ST16. The image
coding device 10 for example changes the processing select-
ing switch 12 to the side of the first transform section 13, and
performs the DCT and the quantization using the first trans-
form section 13 and the first quantizing section 15.

In step ST14, the image coding device 10 performs an
oblique direction pattern DCT. The image coding device 10
then proceeds to step ST15. In step ST15, the image coding
device 10 performs oblique direction pattern quantization.
The image coding device 10 then proceeds to step ST16. The
image coding device 10 for example changes the processing
selecting switch 12 to the side ofthe second transform section
14. In addition, the image coding device 10 changes the
pattern selecting switch 140 in the second transform section
14 and the pattern selecting switch 160 in the second quan-
tizing section 16 according to the prediction mode index
mode_idx. The image coding device 10 performs the DCT
and the quantization using an oblique direction pattern DCT
section and an oblique direction pattern quantizing section
corresponding to the prediction direction by changing the
switches according to the index mode_idx.

In step ST16, the image coding device 10 performs entropy
coding. The image coding device 10 entropy-codes the quan-
tized data DS5 and DS6, the prediction mode information
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DS20, and the transform information DS40. The image cod-
ing device 10 then proceeds to step ST17.

In step ST17, the image coding device 10 stores the coding
cost of the prediction mode. The image coding device 10
calculates a cost value K as described above, and stores the
calculated cost value K. The image coding device 10 then
proceeds to step ST18.

In step ST18, the image coding device 10 determines
whether the transform information trans_idx is “trans_
1dx=0.” When the transform information trans_idx is “trans_
idx=0,” the image coding device 10 proceeds to step ST19.
When the transform information trans_idx is not “trans_
idx=0,” the image coding device 10 proceeds to step ST20.

In step ST19, the image coding device 10 adds “1” to the
transform information trans_idx to set new transform infor-
mation trans_idx. The image coding device 10 then returns to
step ST11.

In step ST20, the image coding device 10 adds “1” to the
prediction mode index mode_idx to set a new index
mode_idx. The image coding device 10 then returns to step
STS.

By similarly repeating the process from step ST5, coding
cost is calculated in all possible prediction modes for the
sub-block.

Thereafter, when the image coding device 10 determines in
step ST5 that the prediction mode index mode_idx is not
smaller than the maximum mode number MAX_MODE, the
image coding device 10 proceeds to step ST21. In step ST21,
the image coding device 10 adds “1” to the sub-block index
sub_blk to set a new index sub_blk. The image coding device
10 then returns to step ST3.

When the image coding device 10 determines in step ST3
that the sub-block index sub_blk is not smaller than the maxi-
mum sub-block number MAX_SUB_BLK, and therefore
proceeds to step ST22, the image coding device 10 loads data
on an optimum mode for each sub-block. The image coding
device 10 compares the coding costs of the respective modes
which coding costs are obtained for each sub-block with each
other, and loads data on an optimum mode in each sub-block.
The image coding device 10 then proceeds to step ST23. In
addition, the image coding device 10 generates the prediction
mode information DS20 indicating the optimum mode.

In step ST23, the image coding device 10 multiplexes and
sends out coded data obtained by performing coding in the
optimum mode in the macroblock. In addition, the image
coding device 10 entropy-codes the prediction mode infor-
mation DS20, that is, the index mode_idx of the optimum
mode and the transform information DS40, that is, the trans-
form information trans_idx, and includes the entropy-coded
information in the coded data.

The operation of the reference image edge detecting sec-
tion 31 will next be described with reference to FIGS. 15A to
15F. FIG. 15A represents a case where the size of a sub-block
asa coding object is 16x16 pixels. Parts indicated by hatching
in FIG. 15A are the signals of one vertical line and one
horizontal line of coded adjacent blocks stored in the refer-
ence memory 24. The reference image edge detecting section
31 detects an edge of the signal of each of the one adjacent
vertical line and the one adjacent horizontal line represented
by the hatched parts, and outputs an index indicating the
position of the edge and the intensity of the edge. For
example, the reference image edge detecting section 31
applies a one-dimensional Sobel filter, and outputs a signal
obtained as a result of applying the one-dimensional Sobel
filter. The signal obtained as a result of applying the one-
dimensional Sobel filter has information on both the position
of the edge and the intensity of the edge. An image of the
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signal obtained as a result of applying the one-dimensional
Sobel filter is shown in FIG. 15B. Incidentally, for the sim-
plicity of description, the signal as a multivalued signal is
shown in white and black for convenience, and positions
shown in black represent an edge. The format of the index
indicating the position of the edge and the intensity of the
edge may not be that of the signal obtained as a result of
applying the filter. For example, a flag indicating the presence
orabsence of an edge and data in the form of points indicating
the intensity of the edge only at the position of the edge may
be obtained. In addition, any method may be used to calculate
the index indicating the position of the edge and the intensity
of'the edge as long as the index can be obtained. For example,
a Prewitt filter or a Laplacian filter may be used, or a math-
ematical or physical method other than filters may be used.

In addition, while the index indicating the position of the
edge and the intensity of the edge of the signal of each of the
one vertical line and the one horizontal line adjacent to the
sub-block as a coding object is obtained in FIGS. 15A and
15B, there is no limitation to this. As shown in FIGS. 15C and
15D, a plurality of lines may be used. Further, a similar
process can be applied even when the size of the sub-block is
different from the size of 16x16 pixels. For example, as
shown in FIGS. 15E and 15F, a similar process can be applied
also to a case of 8x8 pixels.

The operation of the transform block setting section 32 will
next be described with reference to FIGS. 16A to 16D. FIG.
16A represents a case where the block size of a sub-block as
a coding object is 16x16 pixels. The transform block setting
section 32 divides the sub-block on the basis of information
indicating the position of an edge and the intensity of the edge
and the prediction mode information DS20, and sets trans-
form blocks. The transform block setting section 32 estimates
the continuity of the edge within the sub-block as the coding
object on the basis of the position of the edge and the predic-
tion mode information DS20. For example, the transform
block setting section 32 estimates that edges detected by
applying a Sobel filter to the vertical and horizontal lines of
adjacent blocks are continuous in a prediction direction indi-
cated by the prediction mode information DS20 as shown in
FIG. 16A. Incidentally, FIG. 16 A shows a result of estimation
of edge continuity when the prediction mode information
DS20 indicates the prediction mode 5. In addition, in the
figure, for the simplicity of description, a multivalued signal
is shown in white and black for convenience, and black parts
represent an edge.

In addition, as shown in FIG. 16B, when the direction of
edges can be estimated with the positions and intensities of
the edges detected in a plurality of lines in adjacent blocks, it
is estimated that the edges are present in directions consid-
ered to be more appropriate from the prediction mode and the
directions of the edges in the adjacent blocks. For example,
the reliability of the prediction mode and the reliability of the
directions of the edges in the adjacent blocks are converted
into numerical values, and the higher of the numerical values
is employed. The conversion of reliability into a numerical
value includes a method of making the reliability of an edge
in an adjacent block higher when the edge has a high intensity.
When the numerical value exceeds a threshold value, the
direction of the edge in the adjacent block is employed, for
example. FIG. 16B shows an example in which the directions
of'the edges in the adjacent blocks, rather than the prediction
mode 5, are employed.

Next, in consideration of the estimated continuity of the
edges, the transform block setting section 32 divides the
sub-block as a coding object, and sets transform blocks for an
orthogonal transform. In this case, the sub-block as a coding
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object is desirably divided into a plurality of transform blocks
such that areas not covering an edge are as large as possible
from a viewpoint of coding efficiency. Thus, as shown in FIG.
16C, the transform block setting section 32 divides the sub-
block as a coding object horizontally and vertically such that
boundaries between blocks after the division do not include
an edge. For example, the transform block setting section 32
finds a terminal part of a continuous edge, and determines a
boundary of division in such a manner as to be in contact with
the terminal part. The transform block setting section 32 sets
blocks after the division as transform blocks as units of an
orthogonal transform, and generates the transform block set-
ting information DS32 indicating the transform blocks.

In dividing a sub-block, there may be a case in which a
plurality of edges are detected and the sub-block cannot be
divided such that boundaries of transform blocks do not cover
an edge. In that case, the transform block setting section 32
determines the order of priority of edges not to fall on a block
boundary from indexes indicating the intensity of the edges.
For example, the transform block setting section 32 gives
higher priority to a higher-energy signal obtained by the fil-
tering of a Sobel filter. The order of priority may be deter-
mined in a relative manner or an absolute manner. The order
of priority is thus determined, and division is made such that
an edge of high priority does not fall on the boundaries
between the transform blocks. In addition, sub-blocks do not
necessarily need to be divided in both the horizontal and
vertical directions, but may be divided in one of the direc-
tions, or may not be divided at all. The blocks after the
division may be further divided hierarchically, or division
into a plurality of blocks may be made in a same layer.
Further, the size of the transform blocks after the division may
be limited to sizes of two raised to nth power in consideration
of compatibility with ordinary coding systems.

Further, when a signal is output in a different format from
the reference image edge detecting section 31, it suffices for
the transform block setting section 32 to estimate the conti-
nuity of an edge on the basis of a concept similar to that of the
above-described procedure according to the signal, and set
transform blocks.

The size of sub-blocks is not limited to the 16x16 pixel
size, but a similar process can be applied to other sub-block
sizes. For example, as shown in FIG. 16D, a similar process
can be applied to a sub-block size of 8x8 pixels.

FIG. 17 represents a procedure for setting transform blocks
using the reference image edge detecting section 31 and the
transform block setting section 32. In step ST31, the refer-
ence image edge detecting section 31 obtains an index indi-
cating the position of an edge in a reference image adjacent to
a sub-block as a coding object and the intensity of the edge.
The process then proceeds to step ST32.

In step ST32, the transform block setting section 32 esti-
mates the continuity of the edge within the sub-block as the
coding object on the basis of the index indicating the position
of the edge and the intensity of the edge and the prediction
mode information DS20 obtained from the predicting section
25. The process then proceeds to step ST33.

In step ST33, the transform block setting section 32 sets
transform blocks in consideration of the estimated continuity
of the edge and the intensity of the edge.

After the transform blocks are thus set in the transform
block setting section 32, the first transform section 13, the first
quantizing section 15, the first dequantizing section 19, and
the first inverse transform section 21 perform a DCT, quanti-
zation, dequantization, and an inverse DCT in each of the set
transform blocks.
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In addition, the second transform section 14, the second
quantizing section 16, the second dequantizing section 20,
and the second inverse transform section 22 perform a DCT,
quantization, dequantization, and an inverse DCT in the pre-
diction direction corresponding to the prediction mode infor-
mation DS20 in each of the set transform blocks. FIGS. 18A
to 18E represent a case in which a sub-block has a block size
of 8x8 pixels, and the sub-block is divided into four parts,
which are set as transform blocks, as shown in FIG. 16D. For
example, the sub-block of 8x8 pixels shown in FIG. 18A is
divided into transform blocks of 5x6 pixels, 3x6 pixels, 5x2
pixels, and 3x2 pixels, as shown in FIGS. 18B to 18E. In
addition, suppose that the prediction mode is the mode 5. In
this case, signals within the blocks are scanned and DCTs are
performed in consideration of correlation present in a vertical
oblique direction. For example, scans as indicated by arrows
in FIGS. 18B to 18E are performed, and DCTs are performed
according to the respective numbers of continuous pixels.

Incidentally, the orthogonal transform is not limited to
DCTs, but may for example be wavelet transforms, Had-
amard transforms, or transforms obtained by reducing the
wavelet transforms and the Hadamard transforms to integer
precision. It suffices to use a method appropriate for an
orthogonal transform also employing quantization.

1-3. Configuration of Image Decoding Device

Description will next be made of an image decoding device
that decodes the coded data generated by the image coding
device 10.

FIG. 19 shows a configuration of the image decoding
device 50 in the first embodiment. The image decoding device
50 includes an entropy decoding section 51, a processing
selecting switch 52, a first dequantizing section 53, a second
dequantizing section 54, a first inverse transform section 55,
a second inverse transform section 56, an arithmetic section
57, a reference memory 58, and a predicting section 60. The
image decoding device 50 also includes a reference image
edge detecting section 71, a transform block setting section
72, and a decoding control section 80.

The entropy decoding section 51 entropy-decodes the
coded data DSC received as input. The entropy decoding
section 51 performs entropy decoding corresponding to the
entropy coding performed in the entropy coding section 17 in
the image coding device 10. The entropy decoding section 51
outputs quantized data DS51 and transform information
DS52 (corresponding to DS40) obtained by performing the
entropy decoding to the processing selecting switch 52. The
entropy decoding section 51 also outputs prediction mode
information DS53 (corresponding to DS20) obtained by per-
forming the entropy decoding to the predicting section 60.

The processing selecting switch 52 performs switching on
the basis of the transform information DS52 supplied from
the entropy decoding section 51 to output the quantized data
DS51 to the first dequantizing section 53 or the second
dequantizing section 54.

The first dequantizing section 53 is configured in a similar
manner to the first dequantizing section 19 in the image
coding device 10. The first dequantizing section 53 dequan-
tizes the quantized data DS51 supplied via the processing
selecting switch 52. In addition, the first dequantizing section
53 dequantizes the quantized data in each transform block
based on transform block setting information DS76 supplied
from the transform block setting section 72. The first dequan-
tizing section 53 outputs transform coefficients DS54
obtained by performing the dequantization to the first inverse
transform section 55.
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The first inverse transform section 55 is configured in a
similar manner to the first inverse transform section 21 in the
image coding device 10. The first inverse transform section 55
applies an inverse DCT in the horizontal and vertical direc-
tions to the transform coefficients DS54 supplied from the
first dequantizing section 53 in each transform block based on
the transform block setting information DS76 supplied from
the transform block setting section 72. The first inverse trans-
form section 55 outputs a prediction error signal DS56
obtained by performing the inverse DCT to the arithmetic
section 57.

The second dequantizing section 54 is configured in a
similar manner to the second dequantizing section 20 in the
image coding device 10. The second dequantizing section 54
dequantizes the quantized data DS51 supplied via the pro-
cessing selecting switch 52 in an oblique direction pattern
dequantizing section corresponding to a prediction direction
indicated by the transform information DS52. In addition, the
second dequantizing section 54 dequantizes the quantized
data in each transform block based on the transform block
setting information DS76 supplied from the transform block
setting section 72. The second dequantizing section 54 out-
puts transform coefficients DS55 obtained by performing the
dequantization to the second inverse transform section 56.

The second inverse transform section 56 is configured in a
similar manner to the second inverse transform section 22 in
the image coding device 10. The second inverse transform
section 56 performs an inverse DCT of the transform coeffi-
cients DS55 supplied from the second dequantizing section
54 in an oblique direction pattern inverse DCT section corre-
sponding to the prediction direction indicated by the trans-
form information DS52. In addition, the second inverse trans-
form section 56 performs an inverse DCT in each transform
block based on the transform block setting information DS76
supplied from the transform block setting section 72. The
second inverse transform section 56 outputs a prediction error
signal DS57 obtained by performing the inverse DCT to the
arithmetic section 57.

The arithmetic section 57 generates an image signal DS58
by adding a predicted image signal DS61 generated in the
predicting section 60 to the prediction error signal DS56
supplied from the first inverse transform section 55 or the
prediction error signal DS57 supplied from the second
inverse transform section 56. The arithmetic section 57 stores
the generated image signal DS58 in the reference memory 58.

The image signal DS58 stored in the reference memory 58
is supplied to the predicting section 60 and the reference
image edge detecting section 71. In addition, the reference
image signal stored in the reference memory 58 is sequen-
tially output as an output image signal DS59 from the image
decoding device 50.

The predicting section 60 performs prediction in a predic-
tion mode indicated by the prediction mode information
DS53 using the reference image signal DS60 read from the
reference memory 58, generates a predicted image signal
DS61, and outputs the predicted image signal DS61 to the
arithmetic section 57.

The reference image edge detecting section 71 is config-
ured in a similar manner to the reference image edge detecting
section 31 in the image coding device 10. The reference
image edge detecting section 71 detects an edge using the
image signal of the decoded adjacent block stored in the
reference memory 58, and outputs an index DS75 indicating
the position of the edge and the intensity of the edge to the
transform block setting section 72.

The transform block setting section 72 is configured in a
similar manner to the transform block setting section 32 in the
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image coding device 10. The transform block setting section
72 estimates the continuity of the edge in a block as a decod-
ing object on the basis of the index DS75 supplied from the
reference image edge detecting section 71 and the prediction
mode information DS53 supplied from the entropy decoding
section 51. The transform block setting section 72 sets trans-
form blocks in performing an inverse orthogonal transform
and dequantization from a result of the estimation, and gen-
erates the transform block setting information DS76 indicat-
ing the transform blocks. The transform block setting section
72 outputs the generated transform block setting information
DS76 to the first dequantizing section 53, the second dequan-
tizing section 54, the first inverse transform section 55, and
the second inverse transform section 56.

The decoding control section 80 issues control instructions
in the process of decoding the coded data and the like.

1-4. Operation of Image Decoding Device

FIG. 20 is a flowchart of operation of the image decoding
device 50 in the first embodiment. In step ST51, the image
decoding device 50 obtains coded data. The image decoding
device 50 obtains the coded data DSC, and starts decoding in
each macroblock or each macroblock pair. The image decod-
ing device 50 then proceeds to step ST52.

In step ST52, the image decoding device 50 performs
entropy decoding. The image decoding device 50 decodes the
variable-length code of each syntax of the coded data DSC,
and reproduces quantized data DS51, transform information
DS52, and prediction mode information DS53. The image
decoding device 50 then proceeds to step ST53.

In step ST53, the image decoding device 50 performs syn-
tax analysis. The image decoding device 50 analyzes the
syntaxes from the data obtained by performing the decoding.
The image decoding device 50 then proceeds to step ST54.

In step ST54, the image decoding device 50 performs ini-
tialization relating to sub-blocks. The image decoding device
50 initializes a sub-block index sub_blk to “sub_blk=0" and
sets a maximum sub-block number MAX_SUB_BILK at the
same time. The image decoding device 50 then proceeds to
step STSS.

In step ST55, the image decoding device 50 determines
whether the sub-block index sub_blk is smaller than the maxi-
mum sub-block number MAX_SUB_BLK. When the sub-
block index sub_blk is smaller than the maximum sub-block
number MAX_SUB_BLK, there is a sub-block yet to be
decoded among sub-blocks within a macroblock, and there-
fore the image decoding device 50 proceeds to step ST56.
When the sub-block index sub_blk is not smaller than the
maximum sub-block number MAX_SUB_BLK, there is no
sub-block yet to be decoded among the sub-blocks within the
macroblock, and therefore the image decoding device 50
proceeds to step ST68.

In step ST56, the image decoding device 50 loads an index
mode_idx and transform information trans_idx. The image
decoding device 50 extracts the index mode_idx and the
transform information trans_idx from the coded data. The
image decoding device 50 then proceeds to step ST57.

In step ST57, the image decoding device 50 generates a
predicted image. The image decoding device 50 generates a
predicted image signal DS61 in the prediction mode indicated
by the index mode_idx using the image signal of a reference
image, that is, the stored image signal of a decoded adjacent
block. The image decoding device 50 then proceeds to step
ST58.

In step ST58, the image decoding device 50 detects an
edge. The image decoding device 50 detects an edge using the
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stored image signal of the decoded adjacent block, and gen-
erates an index DS75 indicating the position of the edge and
the intensity of the edge. The image decoding device 50 then
proceeds to step ST59.

In step ST59, the image decoding device 50 sets transform
blocks. The image decoding device 50 estimates the continu-
ity of the edge within the sub-block as a decoding object on
the basis of the index DS75 indicating the position of the edge
and the intensity of the edge and the prediction direction of
the index mode_idx. Further, the image decoding device 50
divides the sub-block on the basis of a result of the estimation
of the edge continuity, and sets transform blocks. The image
decoding device 50 then proceeds to step ST60.

In step ST60, the image decoding device 50 determines
whether the prediction mode index mode_idx is smaller than
a minimum mode number mode_direction of an oblique
direction prediction mode as a minimum value of the mode
numbers of the oblique direction prediction modes, or
whether the transform information is “trans_idx=1." The
image decoding device 50 proceeds to step ST61 in at least
one of the cases where the prediction mode index mode_idx
is smaller than the minimum mode number mode_direction
and where the transform information is “trans_idx=1.” Oth-
erwise, the image decoding device 50 proceeds to step ST63.

In step ST61, the image decoding device 50 performs hori-
zontal and vertical dequantization. The image decoding
device 50 then proceeds to step ST62. In step ST62, the image
decoding device 50 performs a horizontal and vertical inverse
DCT. The image decoding device 50 then proceeds to step
ST65. The image decoding device 50 for example changes the
processing selecting switch 52 to the side of the first dequan-
tizing section 53, and performs the dequantization and the
inverse DCT using the first dequantizing section 53 and the
first inverse transform section 55.

In step ST63, the image decoding device 50 performs
oblique direction pattern dequantization. The image decod-
ing device 50 then proceeds to step ST64. In step ST64, the
image decoding device 50 performs an oblique direction pat-
tern inverse DCT. The image decoding device 50 then pro-
ceeds to step ST65. The image decoding device 50 for
example changes the processing selecting switch 52 to the
side of the second dequantizing section 54. The image decod-
ing device 50 changes pattern selecting switches in the second
dequantizing section 54 and the second inverse transform
section 56 according to the prediction mode index mode_idx,
and performs the dequantization and the inverse DCT using
an oblique direction pattern dequantizing section and an
oblique direction pattern inverse DCT section corresponding
to the prediction direction.

In step ST65, the image decoding device 50 synthesizes a
prediction error and a predicted image. The image decoding
device 50 generates an image signal DS58 by adding the
predicted image signal DS61 to the prediction error signal
DS56 or the prediction error signal DS57. The image decod-
ing device 50 then proceeds to step ST66.

In step ST66, the image decoding device 50 stores the
generated image signal DS58 in the reference memory. The
image decoding device 50 stores the generated image signal
DS58 in the reference memory 58. The image decoding
device 50 then proceeds to step ST67.

In step ST67, the image decoding device 50 adds “1” to the
sub-block index sub_blk to set a new index sub_blk. The
image decoding device 50 then returns to step ST55.

In addition, when the image decoding device 50 deter-
mines in step ST55 that the sub-block index sub_blk is not
smaller than the maximum sub-block number MAX_SUB_
BLK, and therefore proceeds to step ST68, the image decod-
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ing device 50 outputs a decoded image. The image decoding
device 50 outputs the image signal stored in the reference
memory 58 after completion of the decoding of the sub-
blocks as the image signal of the decoded image.

Thus, according to the first embodiment, in the image
coding device 10, the reference image edge detecting section
31 performs edge detection using the image signal of a refer-
ence image for a coding object block. In addition, on the basis
of a result of the edge detection, the transform block setting
section 32 divides the coding object block such that bound-
aries between blocks after the division do not include an edge,
and sets transform blocks. Further, a coding processing sec-
tion formed by the first transform section 13, the second
transform section 14, the first quantizing section 15, the sec-
ond quantizing section 16, and the like performs processing
including an orthogonal transform in each transform block,
and generates coded data. In addition, in the image decoding
device 50, the reference image edge detecting section 71
performs edge detection using the image signal of a reference
image for a decoding object block. In addition, on the basis of
a result of the edge detection, the transform block setting
section 72 divides the decoding object block such that bound-
aries between blocks after the division do not include an edge,
and sets transform blocks equal to those of the image coding
device 10. Further, a decoding processing section formed by
the first dequantizing section 53, the second dequantizing
section 54, the first inverse transform section 55, the second
inverse transform section 56, and the like performs process-
ing including an inverse orthogonal transform in each trans-
form block, and generates an image signal. Further, the trans-
form blocks are set in consideration of edge continuity on the
basis of a mode of intra-frame prediction. It is therefore
possible to prevent a continuous edge from straddling a plu-
rality of transform blocks and thus improve subjective image
quality. In addition, transform blocks not including an edge
are increased, so that energy concentration can be improved.
Further, the transform blocks are set to be the same sizes by
the same operation performed in the image coding device and
the image decoding device. Thus, even when information on
the transform blocks is not included in the coded data DSC,
the coded data DSC can be decoded, so that coding efficiency
can be improved.

2. Second Embodiment

Description will next be made of a second embodiment.
The foregoing first embodiment improves coding efficiency
by not including transform block setting information indicat-
ing transform blocks changing adaptively in the coded data.
However, the image decoding device needs to be provided
with a transform block setting section in order to perform a
decoding process correctly even when the transform block
setting information is not included in the coded data. Accord-
ingly, in the second embodiment, description will be made of
a case in which the configuration of the image decoding
device is simplified by tolerating a slight decrease in coding
efficiency.

2-1. Configuration of Image Coding Device

FIG. 21 shows a configuration of an image coding device
10a according to the second embodiment. Incidentally, in
FIG. 21, constituent elements corresponding to those of the
image coding device 10 according to the first embodiment are
identified by the same reference numerals.

The image coding device 10q includes an arithmetic sec-
tion 11, a processing selecting switch 12, a first transform
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section 13, a second transform section 14, a first quantizing
section 15, a second quantizing section 16, and an entropy
coding section 17a. The image coding device 10a also
includes a processing selecting switch 18, a first dequantizing
section 19, a second dequantizing section 20, a first inverse
transform section 21, a second inverse transform section 22,
an arithmetic section 23, a reference memory 24, and a pre-
dicting section 25. The image coding device 10a further
includes a reference image edge detecting section 31, a trans-
form block setting section 324, and a coding control section
40.

The arithmetic section 11 calculates the prediction error of
apredicted image with respect to an input image by subtract-
ing a predicted image signal DS18 generated in the predicting
section 25 to be described later from an input image signal
DS1. The arithmetic section 11 outputs a prediction error
signal DS2 indicating the prediction error to the processing
selecting switch 12.

The processing selecting switch 12 performs switching on
the basis of transform information DS40 supplied from the
coding control section 40 to output the prediction error signal
DS2 to the first quantizing section 15 or the second quantizing
section 16.

The first transform section 13 performs a horizontal and
vertical DCT ofthe prediction error signal DS2 supplied from
the processing selecting switch 12. In addition, the first trans-
form section 13 performs a horizontal and vertical DCT in
each transform block based on transform block setting infor-
mation DS32 supplied from the transform block setting sec-
tion 32a, and outputs resulting transform coefficients DS3 to
the first quantizing section 15.

The first quantizing section 15 quantizes the transform
coefficients DS3 output from the first transform section 13,
and outputs quantized data DS5 to the entropy coding section
17a and the processing selecting switch 18. In addition, the
first quantizing section 15 quantizes the transform coeffi-
cients DS3 in each transform block on the basis of the trans-
form block setting information DS32 supplied from the trans-
form block setting section 32a.

The second transform section 14 applies a DCT in a pre-
diction direction based on prediction mode information DS20
from the predicting section 25 to the prediction error signal
DS2 supplied from the processing selecting switch 12. In
addition, the second transform section 14 performs a DCT in
the prediction direction in each transform block based on the
transform block setting information DS32 supplied from the
transform block setting section 32a, and outputs resulting
transform coefficients DS4 to the second quantizing section
16.

The second quantizing section 16 quantizes the transform
coefficients DS4 supplied from the second transform section
14 in the prediction direction on the basis of the prediction
mode information DS20 from the predicting section 25, and
outputs quantized data DS6 to the entropy coding section 17a
and the processing selecting switch 18. In addition, the sec-
ond quantizing section 16 quantizes the transform coeffi-
cients DS4 in each transform block on the basis of the trans-
form block setting information DS32 supplied from the
transform block setting section 32a.

The entropy coding section 17a entropy-codes the quan-
tized data DS5 supplied from the first quantizing section 15 or
the quantized data DS6 supplied from the second quantizing
section 16. In addition, the entropy coding section 17a
entropy-codes the prediction mode information DS20 gener-
ated in the predicting section 25, the transform information
DS40 generated in the coding control section 40, and the
transform block setting information DS32 indicating trans-
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form blocks set in the transform block setting section 32a.
The entropy coding section 17a outputs coded data DSC
obtained by performing the entropy coding.

The processing selecting switch 18 selects an inverse trans-
form method on the basis of the transform information DS40
supplied from the coding control section 40, and outputs the
quantized data DS5 from the first quantizing section 15 to the
first dequantizing section 19 and outputs the quantized data
DS6 from the second quantizing section 16 to the second
dequantizing section 20.

The first dequantizing section 19 dequantizes the quantized
data DS5 supplied via the processing selecting switch 18. In
addition, the first dequantizing section 19 dequantizes the
quantized data in each transform block corresponding to that
of'the first quantizing section 15 on the basis of the transform
block setting information DS32 supplied from the transform
block setting section 32a. The first dequantizing section 19
outputs transform coefficients DS11 obtained by performing
the dequantization to the first inverse transform section 21.

The first inverse transform section 21 subjects the trans-
form coefficients DS11 supplied from the first dequantizing
section 19 to an inverse DCT in the horizontal and vertical
directions which inverse DCT corresponds to the DCT in the
horizontal and vertical directions in the first transform section
13. In addition, the first inverse transform section 21 performs
an inverse DCT in the horizontal and vertical directions in
each transform block based on the transform block setting
information DS32 supplied from the transform block setting
section 32a. The first inverse transform section 21 outputs a
prediction error signal DS13 obtained by performing the
inverse DCT to the arithmetic section 23.

The second dequantizing section 20 dequantizes the quan-
tized data DS6 supplied via the processing selecting switch
18. The second dequantizing section 20 performs dequanti-
zation in the prediction direction corresponding to that of the
second quantizing section 16 on the basis of the prediction
mode information DS20 from the predicting section 25. In
addition, the second dequantizing section 20 dequantizes the
quantized data in each transform block corresponding to that
of'the second quantizing section 16 on the basis of the trans-
form block setting information DS32 supplied from the trans-
form block setting section 32a. The second dequantizing
section 20 outputs transform coefficients DS12 obtained by
performing the dequantization to the second inverse trans-
form section 22.

The second inverse transform section 22 performs an
inverse DCT of the transform coefficients DS12. The second
inverse transform section 22 performs an inverse DCT in the
prediction direction corresponding to that ofthe second trans-
form section 14 on the basis of the prediction mode informa-
tion DS20 from the predicting section 25. In addition, the
second inverse transform section 22 performs an inverse DCT
of the transform coefficients in each transform block corre-
sponding to that of the second transform section 14 on the
basis of the transform block setting information DS32 sup-
plied from the transform block setting section 32a. The sec-
ond inverse transform section 22 outputs the prediction error
signal DS14 obtained by perform the inverse DCT to the
arithmetic section 23.

The arithmetic section 23 generates a reference image sig-
nal DS15 by adding the predicted image signal DS18 gener-
ated in the predicting section 25 to the prediction error signal
DS13 supplied from the first inverse transform section 21 or
the prediction error signal DS14 supplied from the second
inverse transform section 22. The arithmetic section 23 stores
the generated reference image signal DS15 in the reference
memory 24.
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The reference image signal DS15 stored in the reference
memory 24 is supplied to the predicting section 25 and the
reference image edge detecting section 31.

The predicting section 25 performs intra-frame prediction
in each prediction mode using the reference image signal
DS15. In addition, the predicting section 25 determines a
prediction mode that maximizes coding efficiency, and gen-
erates prediction mode information DS20 indicating the pre-
diction mode that maximizes coding efficiency. The predict-
ing section 25 outputs the generated prediction mode
information DS20 to the second transform section 14, the
second quantizing section 16, the entropy coding section 174,
the second dequantizing section 20, the second inverse trans-
form section 22, and the transform block setting section 32a.
Further, the predicting section 25 generates the predicted
image signal DS18 in the prediction mode that maximizes
coding efficiency, and outputs the predicted image signal
DS18 to the arithmetic sections 11 and 23.

The reference image edge detecting section 31 detects an
edge using an image signal of a coded adjacent bock stored in
the reference memory 24, and outputs an index DS31 indi-
cating the position of the edge and the intensity of the edge to
the transform block setting section 32a.

The transform block setting section 32a estimates the con-
tinuity of the edge within a sub-block as a coding object on the
basis of the index DS31 supplied from the reference image
edge detecting section 31 and the prediction mode informa-
tion DS20 supplied from the predicting section 25. The trans-
form block setting section 32a sets transform blocks in an
orthogonal transform and quantization from a result of the
estimation, and generates transform block setting informa-
tion DS32 indicating the set transform blocks. The transform
block setting section 32a outputs the generated transform
block setting information DS32 to the first transform section
13, the second transform section 14, the first quantizing sec-
tion 15, the second quantizing section 16, the first dequantiz-
ing section 19, the second dequantizing section 20, the first
inverse transform section 21, and the second inverse trans-
form section 22. In addition, the transform block setting sec-
tion 32a outputs the generated transform block setting infor-
mation DS32 to the entropy coding section 17a.

The coding control section 40 generates the transform
information DS40, and outputs the transform information
DS40 to the processing selecting switch 12, the entropy cod-
ing section 17a, and the processing selecting switch 18.

2-2. Operation of Image Coding Device

The image coding device 10a according to the second
embodiment performs the process of the flowchart shown in
FIGS. 13 and 14 to generate and output coded data. In addi-
tion, the image coding device 10a includes the transform
block setting information DS32 for an orthogonal transform
in the optimum mode in the data on the optimum mode in the
process of loading the data on the optimum mode in step ST22
in FIG. 14. For example, the image coding device 10a
entropy-codes the transform block setting information DS32,
and thereafter includes the transform block setting informa-
tion DS32 as a header in the coded data DSC.

2-3. Configuration of Image Decoding Device

Description will next be made of an image decoding device
that decodes the coded data generated by the image coding
device 10a.

FIG. 22 shows a configuration of an image decoding device
50a in the second embodiment. Incidentally, in FIG. 22, con-

10

15

20

25

30

35

40

45

50

55

60

65

28

stituent elements corresponding to those of the image decod-
ing device 50 according to the first embodiment are identified
by the same reference numerals.

The image decoding device 50a includes an entropy decod-
ing section 5la, a processing selecting switch 52, a first
dequantizing section 53, a second dequantizing section 54, a
first inverse transform section 55, a second inverse transform
section 56, an arithmetic section 57, a reference memory 58,
and a predicting section 60. The image decoding device 50a
also includes a decoding control section 80.

The entropy decoding section 51a entropy-decodes the
coded data DSC received as input. The entropy decoding
section 51a performs entropy decoding corresponding to the
entropy coding performed in the entropy coding section 17a
in the image coding device 10a. The entropy decoding section
51a outputs quantized data DS51 and transform information
DS52 (corresponding to DS40) obtained by performing the
entropy decoding to the processing selecting switch 52. The
entropy decoding section 51a also outputs prediction mode
information DS53 (corresponding to DS20) obtained by per-
forming the entropy decoding to the second dequantizing
section 54, the second inverse transform section 56, and the
predicting section 60. Further, the entropy decoding section
51a outputs transform block setting information DS76 (cor-
responding to DS32) obtained by performing the entropy
decoding to the first dequantizing section 53, the second
dequantizing section 54, the first inverse transform section
55, and the second inverse transform section 56.

The processing selecting switch 52 performs switching on
the basis of the transform information DS52 supplied from
the entropy decoding section 51a to output the quantized data
DS51 to the first dequantizing section 53 or the second
dequantizing section 54.

The first dequantizing section 53 is configured in a similar
manner to the first dequantizing section 19 in the image
coding device 10a. The first dequantizing section 53 dequan-
tizes the quantized data DS51 supplied via the processing
selecting switch 52. In addition, the first dequantizing section
53 dequantizes the quantized data in each block based on
transform block setting information DS76 supplied from the
entropy decoding section 51a. The first dequantizing section
53 outputs transform coefficients DS54 obtained by perform-
ing the dequantization to the first inverse transform section
55.

The first inverse transform section 55 is configured in a
similar manner to the first inverse transform section 21 in the
image coding device 10a. The first inverse transform section
55 applies an inverse DCT in the horizontal and vertical
directions to the transform coefficients DS54 supplied from
the first dequantizing section 53 in each block based on the
transform block setting information DS76 supplied from the
entropy decoding section 51a. The first inverse transform
section 55 outputs a prediction error signal DS56 obtained by
performing the inverse DCT to the arithmetic section 57.

The second dequantizing section 54 is configured in a
similar manner to the second dequantizing section 20 in the
image coding device 10a. The second dequantizing section
54 dequantizes the quantized data DS51 supplied via the
processing selecting switch 52. In addition, the second
dequantizing section 54 dequantizes the quantized data in
each block based on the transform block setting information
DS76 supplied from the entropy decoding section 51a. The
second dequantizing section 54 outputs transform coeffi-
cients DS55 obtained by performing the dequantization to the
second inverse transform section 56.

The second inverse transform section 56 is configured in a
similar manner to the second inverse transform section 22 in
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the image coding device 10a. The second inverse transform
section 56 applies an inverse DCT according to a prediction
direction to the transform coefficients DS55 supplied from
the second dequantizing section 54 in each block based on the
transform block setting information DS76 supplied from the
entropy decoding section 51a. The second inverse transform
section 56 outputs a prediction error signal DS57 obtained by
performing the inverse DCT to the arithmetic section 57.

The arithmetic section 57 generates an image signal DS58
by adding a predicted image signal DS61 generated in the
predicting section 60 to the prediction error signal DS56
supplied from the first inverse transform section 55 or the
prediction error signal DS57 supplied from the second
inverse transform section 56. The arithmetic section 57 stores
the generated image signal DS58 in the reference memory 58.

The image signal DS58 stored in the reference memory 58
is supplied to the predicting section 60 as a reference image
signal DS60. In addition, the reference image signal stored in
the reference memory 58 is output as an output image signal
DS59 from the image decoding device 50a.

The predicting section 60 performs prediction in a predic-
tion mode indicated by the prediction mode information
DS53 using the reference image signal DS60 read from the
reference memory 58, generates a predicted image signal
DS61, and outputs the predicted image signal DS61 to the
arithmetic section 57.

The decoding control section 80 issues control instructions
in the process of decoding the coded data and the like.

2-4. Operation of Image Decoding Device

FIG. 23 is a flowchart of operation of the image decoding
device 50a in the second embodiment. In step ST51, the
image decoding device 50a obtains coded data. The image
decoding device 50a obtains the coded data DSC, and starts
decoding in each macroblock or each macroblock pair. The
image decoding device 50a then proceeds to step ST52a.

In step ST52q, the image decoding device 50a performs
entropy decoding. The image decoding device 50a decodes
the variable-length code of each syntax of the coded data
DSC, and reproduces quantized data DS51, transform infor-
mation DS52, prediction mode information DS53, and trans-
form block setting information DS76. The image decoding
device 504 then proceeds to step ST53.

In step ST53, the image decoding device 50a performs
syntax analysis. The image decoding device 50a analyzes the
syntaxes from the data obtained by performing the decoding.
The image decoding device 50a then proceeds to step ST54.

In step ST54, the image decoding device 50a performs
initialization relating to sub-blocks. The image decoding
device 50q initializes a sub-block index sub_blk to “sub_
blk=0"" and sets a maximum sub-block number MAX_SUB_
BLK at the same time. The image decoding device 50a then
proceeds to step ST55.

In step ST55, the image decoding device 50a determines
whether the sub-block index sub_blk is smaller than the maxi-
mum sub-block number MAX_SUB_BLK. When the sub-
block index sub_blk is smaller than the maximum sub-block
number MAX_SUB_BLK, there is a sub-block yet to be
decoded among sub-blocks within a macroblock, and there-
fore the image decoding device 50a proceeds to step ST56a.
When the sub-block index sub_blk is not smaller than the
maximum sub-block number MAX_SUB_BLK, there is no
sub-block yet to be decoded among the sub-blocks within the
macroblock, and therefore the image decoding device 50a
proceeds to step ST68.
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In step ST56a, the image decoding device 50a loads an
index mode_idx, transform information trans_idx, and trans-
form block setting information DS76. The image decoding
device 50a extracts the index mode_idx, the transform infor-
mation trans_idx, and the transform block setting information
DS76 from the coded data. The image decoding device 50a
then proceeds to step ST57.

In step ST57, the image decoding device 50a generates a
predicted image. The image decoding device 50a generates a
predicted image signal DS61 in the prediction mode indicated
by the index mode_idx using the image signal of a reference
image, that is, the stored image signal of a decoded adjacent
block. The image decoding device 50a then proceeds to step
ST60.

In step ST60, the image decoding device 50a determines
whether the prediction mode index mode_idx is smaller than
a minimum mode number mode_direction of an oblique
direction prediction mode as a minimum value of the mode
numbers of the oblique direction prediction modes, or
whether the transform information is “trans_idx=1." The
image decoding device 50a proceeds to step ST61 in at least
one of the cases where the prediction mode index mode_idx
is smaller than the minimum mode number mode_direction
and where the transform information is “trans_idx=1.” Oth-
erwise, the image decoding device 50a proceeds to step ST63.

In step ST61, the image decoding device 50a performs
horizontal and vertical dequantization. The image decoding
device 50a then proceeds to step ST62. In step ST62, the
image decoding device 50a performs a horizontal and vertical
inverse DCT. The image decoding device 50a then proceeds
to step ST65. The image decoding device 50a for example
changes the processing selecting switch 52 to the side of the
first dequantizing section 53, and performs the dequantiza-
tion and the inverse DCT using the first dequantizing section
53 and the first inverse transform section 55.

In step ST63, the image decoding device 50a performs
oblique direction pattern dequantization. The image decod-
ing device 50a then proceeds to step ST64. In step ST64, the
image decoding device 50a performs an oblique direction
pattern inverse DCT. The image decoding device 50a then
proceeds to step ST65. The image decoding device 50a for
example changes the processing selecting switch 52 to the
side of the second dequantizing section 54. The image decod-
ing device 50a changes pattern selecting switches in the sec-
ond dequantizing section 54 and the second inverse transform
section 56 according to the prediction mode index mode_idx,
and performs the dequantization and the inverse DCT using
an oblique direction pattern dequantizing section and an
oblique direction pattern inverse DCT section corresponding
to the prediction direction.

In step ST65, the image decoding device 50a synthesizes a
prediction error and a predicted image. The image decoding
device 50a generates an image signal DS58 by adding the
predicted image signal DS61 to the prediction error signal
DS56 or the prediction error signal DS57. The image decod-
ing device 50q then proceeds to step ST66.

In step ST66, the image decoding device 50a stores the
generated image signal DS58 in the reference memory. The
image decoding device 50a stores the generated image signal
DS58 in the reference memory 58. The image decoding
device 50a then proceeds to step ST67.

In step ST67, the image decoding device 50qa adds “1” to
the sub-block index sub_blk to set a new index sub_blk. The
image decoding device 50a then returns to step ST55.

In addition, when the image decoding device 50a deter-
mines in step ST55 that the sub-block index sub_blk is not
smaller than the maximum sub-block number MAX_SUB-
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_BLK, and therefore proceeds to step ST68, the image decod-
ing device 50a outputs a decoded image. The image decoding
device 50a outputs the image signal stored in the reference
memory 58 after completion of the decoding of the sub-
blocks as the image signal of the decoded image.

Thus, according to the second embodiment, as in the first
embodiment, transform blocks are set in consideration of
edge continuity on the basis of a mode of intra-frame predic-
tion. It is therefore possible to prevent a continuous edge from
straddling a plurality of transform blocks and thus improve
subjective image quality. In addition, transform blocks not
including an edge are increased, so that energy concentration
can be improved. Further, because the transform block setting
information on the transform blocks is output in a state of
being multiplexed in the coded data, the image decoding
device 50a does not need to have a reference image edge
detecting section for performing edge detection or a trans-
form block setting section for setting the transform blocks on
the basis of'a result of the edge detection. The configuration of
the image decoding device can be simplified as compared
with the first embodiment.

3. Third Embodiment

The foregoing first and second embodiments set transform
blocks on the basis of a result of estimation of the continuity
of'an edge within a sub-block as a coding object from the edge
in an adjacent block. That s, transform blocks are set using an
image in a spatial direction as a reference image. However,
the reference image is not limited to the spatial direction, but
an image in a temporal direction can also be used as a refer-
ence image. Description will next be made of a case of using
an image in the temporal direction as a reference image as a
third embodiment.

3-1. Configuration of Image Coding Device

FIG. 24 shows a configuration of an image coding device in
the third embodiment. Incidentally, in FIG. 24, constituent
elements corresponding to those of the image coding device
10 according to the first embodiment are identified by the
same reference numerals.

Animage coding device 105 includes an arithmetic section
11, a processing selecting switch 12, a first transform section
13, a second transform section 14, a first quantizing section
15, a second quantizing section 16, and an entropy coding
section 175. The image coding device 104 also includes a
processing selecting switch 18, a first dequantizing section
19, a second dequantizing section 20, a first inverse transform
section 21, a second inverse transform section 22, an arith-
metic section 23, a reference memory 24, a predicting section
25, a reference image edge detecting section 31, and a trans-
form block setting section 32. The image coding device 105
further includes an image signal selecting switch 30, a motion
estimating section 35 having functions equivalent to those of
MPEG and the H.264/AVC system, a motion compensating
section 36, a prediction selecting switch 37, and a coding
control section 40.

The arithmetic section 11 calculates the prediction error of
apredicted image with respect to an input image by subtract-
ing a predicted image signal DS37 as an output of the predic-
tion selecting switch 37 to be described later from an input
image signal DS1. The arithmetic section 11 outputs a pre-
diction error signal DS2 indicating the prediction error to the
processing selecting switch 12.

The processing selecting switch 12 performs switching on
the basis of transform information DS40 supplied from the
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coding control section 40 to output the prediction error signal
DS2 to the first quantizing section 15 or the second quantizing
section 16.

The first transform section 13 performs a horizontal and
vertical DCT of the prediction error signal DS2 supplied from
the processing selecting switch 12. In addition, the first trans-
form section 13 performs a horizontal and vertical DCT in
each transform block based on transform block setting infor-
mation DS32 supplied from the transform block setting sec-
tion 32, and outputs resulting transform coefficients DS3 to
the first quantizing section 15.

The first quantizing section 15 quantizes the transform
coefficients DS3 output from the first transform section 13,
and outputs quantized data DS5 to the entropy coding section
17b and the processing selecting switch 18. In addition, the
first quantizing section 15 quantizes the transform coeffi-
cients DS3 in each transform block on the basis of the trans-
form block setting information DS32 supplied from the trans-
form block setting section 32.

The second transform section 14 applies a DCT in a pre-
diction direction based on prediction mode information DS20
from the predicting section 25 to the prediction error signal
DS2 supplied from the processing selecting switch 12. In
addition, the second transform section 14 performs a DCT in
the prediction direction in each transform block based on the
transform block setting information DS32 supplied from the
transform block setting section 32, and outputs resulting
transform coefficients DS4 to the second quantizing section
16.

The second quantizing section 16 quantizes the transform
coefficients DS4 supplied from the second transform section
14 in the prediction direction on the basis of the prediction
mode information DS20 from the predicting section 25, and
outputs quantized data DS6 to the entropy coding section 175
and the processing selecting switch 18. In addition, the sec-
ond quantizing section 16 quantizes the transform coeffi-
cients DS4 in each transform block on the basis of the trans-
form block setting information DS32 supplied from the
transform block setting section 32.

The entropy coding section 175 entropy-codes the quan-
tized data DS5 supplied from the first quantizing section 15 or
the quantized data DS6 supplied from the second quantizing
section 16. In addition, the entropy coding section 176
entropy-codes the prediction mode information DS20 gener-
ated in the predicting section 25, the transform information
DS40 generated in the coding control section 40, and motion
vector information DS35 detected in the motion estimating
section 35. The entropy coding section 175 outputs coded
data DSC obtained by performing the entropy coding.

The processing selecting switch 18 selects an inverse trans-
form method on the basis of the transform information DS40
supplied from the coding control section 40, and outputs the
quantized data DS5 from the first quantizing section 15 to the
first dequantizing section 19 and outputs the quantized data
DS6 from the second quantizing section 16 to the second
dequantizing section 20.

The first dequantizing section 19 dequantizes the quantized
data DS5 supplied via the processing selecting switch 18. In
addition, the first dequantizing section 19 dequantizes the
quantized data in each transform block corresponding to that
of'the first quantizing section 15 on the basis of the transform
block setting information DS32 supplied from the transform
block setting section 32. The first dequantizing section 19
outputs transform coefficients DS11 obtained by performing
the dequantization to the first inverse transform section 21.

The first inverse transform section 21 subjects the trans-
form coefficients DS11 supplied from the first dequantizing
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section 19 to an inverse DCT in the horizontal and vertical
directions which inverse DCT corresponds to the DCT in the
horizontal and vertical directions in the first transform section
13. In addition, the first inverse transform section 21 performs
an inverse DCT in the horizontal and vertical directions in
each transform block based on the transform block setting
information DS32 supplied from the transform block setting
section 32. The first inverse transform section 21 outputs a
prediction error signal DS13 obtained by performing the
inverse DCT to the arithmetic section 23.

The second dequantizing section 20 dequantizes the quan-
tized data DS6 supplied via the processing selecting switch
18. The second dequantizing section 20 performs dequanti-
zation in the prediction direction corresponding to that of the
second quantizing section 16 on the basis of the prediction
mode information DS20 from the predicting section 25. In
addition, the second dequantizing section 20 dequantizes the
quantized data in each transform block corresponding to that
of'the second quantizing section 16 on the basis of the trans-
form block setting information DS32 supplied from the trans-
form block setting section 32. The second dequantizing sec-
tion 20 outputs transform coefficients DS12 obtained by
performing the dequantization to the second inverse trans-
form section 22.

The second inverse transform section 22 performs an
inverse DCT of the transform coefficients DS12. The second
inverse transform section 22 performs an inverse DCT in the
prediction direction corresponding to that ofthe second trans-
form section 14 on the basis of the prediction mode informa-
tion DS20 from the predicting section 25. In addition, the
second inverse transform section 22 performs an inverse DCT
of the transform coefficients in each transform block corre-
sponding to that of the second transform section 14 on the
basis of the transform block setting information DS32 sup-
plied from the transform block setting section 32. The second
inverse transform section 22 outputs the prediction error sig-
nal DS14 obtained by performing the inverse DCT to the
arithmetic section 23.

The arithmetic section 23 generates a reference image sig-
nal DS15 by adding the predicted image signal DS37 output
from the prediction selecting switch 37 to the prediction error
signal DS13 supplied from the first inverse transform section
21 or the prediction error signal DS14 supplied from the
second inverse transform section 22. The arithmetic section
23 stores the generated reference image signal DS15 in the
reference memory 24.

The reference memory 24 stores not only the image signal
of blocks adjacent in the spatial direction but also images in
the temporal direction, that is, images of a plurality of frames
as reference images. Incidentally, the images of the plurality
of frames are stored after being subjected to deblocking filter
processing.

The image signal DS16 ofthe adjacent blocks which image
signal is read from the reference memory 24 is supplied to the
predicting section 25 and the image signal selecting switch
30. In addition, the image signal DS17 of the frame images
which image signal is read from the reference memory 24 is
supplied to the motion estimating section 35 and the motion
compensating section 36.

The predicting section 25 performs intra-frame prediction
in each prediction mode using the image signal DS16. In
addition, the predicting section 25 determines a prediction
mode that maximizes coding efficiency, and generates pre-
diction mode information DS20 indicating the prediction
mode that maximizes coding efficiency. The predicting sec-
tion 25 outputs the generated prediction mode information
DS20 to the second transform section 14, the second quan-
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tizing section 16, the entropy coding section 175, the second
dequantizing section 20, the second inverse transform section
22, and the transform block setting section 32. Further, the
predicting section 25 generates a predicted image signal
DS18 in the prediction mode that maximizes coding effi-
ciency, and outputs the predicted image signal DS18 to the
prediction selecting switch 37.

The image signal selecting switch 30 selects one of the
image signal DS16 supplied from the reference memory 24
and a predicted image signal DS36 supplied from the motion
compensating section 36 on the basis of the transform infor-
mation DS40, and outputs the selected image signal to the
reference image edge detecting section 31. For example, in a
case of an intra-frame prediction mode, the image signal
selecting switch 30 selects the image signal DS16 supplied
from the reference memory 24, and outputs the selected
image signal to the reference image edge detecting section 31.
In a case of an inter-frame prediction mode, the image signal
selecting switch 30 selects the predicted image signal DS36
supplied from the motion compensating section 36, and out-
puts the selected image signal to the reference image edge
detecting section 31.

The reference image edge detecting section 31 detects an
edge using the image signal selected by the image signal
selecting switch 30, and outputs an index DS31 indicating the
position of the edge and the intensity of the edge to the
transform block setting section 32.

The transform block setting section 32 estimates the con-
tinuity ofthe edge within a sub-block as a coding object on the
basis of the index DS31 supplied from the reference image
edge detecting section 31 and the prediction mode informa-
tion DS20 supplied from the predicting section 25. The trans-
form block setting section 32 sets transform blocks in an
orthogonal transform and quantization from a result of the
estimation, and generates transform block setting informa-
tion DS32 indicating the set transform blocks. The transform
block setting section 32 outputs the generated transform
block setting information DS32 to the first transform section
13, the second transform section 14, the first quantizing sec-
tion 15, the second quantizing section 16, the first dequantiz-
ing section 19, the second dequantizing section 20, the first
inverse transform section 21, and the second inverse trans-
form section 22.

The motion estimating section 35 performs motion estima-
tion in the sub-block and detects a motion vector using the
input image signal DS1 and the image signal DS17 supplied
from the reference memory 24. The motion estimating sec-
tion 35 outputs motion vector information DS35 indicating
the detected motion vector to the motion compensating sec-
tion 36 and the entropy coding section 175.

The motion compensating section 36 applies motion com-
pensation based on the motion vector information DS35 sup-
plied from the motion estimating section 35 to a reference
image based on the image signal DS17 supplied from the
reference memory 24. The motion compensating section 36
outputs a predicted image signal DS36 in an inter-frame
prediction mode which image signal is generated by the
motion compensation to the prediction selecting switch 37
and the image signal selecting switch 30.

The prediction selecting switch 37 selects one of the pre-
dicted image signal DS18 supplied from the predicting sec-
tion 25 and the predicted image signal DS36 supplied from
the motion compensating section 36 on the basis of the trans-
form information DS40, and outputs the selected image sig-
nal to the arithmetic sections 11 and 23. For example, in a case
of an intra-frame prediction mode, the prediction selecting
switch 37 selects the predicted image signal DS18 supplied
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from the predicting section 25, and outputs the selected image
signal as predicted image signal DS37 to the arithmetic sec-
tions 11 and 23. In a case of an inter-frame prediction mode,
the prediction selecting switch 37 selects the predicted image
signal DS36 supplied from the motion compensating section
36, and outputs the selected image signal as predicted image
signal DS37 to the arithmetic sections 11 and 23.

The coding control section 40 generates transform infor-
mation DS40. The transform information DS40 is informa-
tion for selecting either a process of performing a horizontal
and vertical DCT in relation to an orthogonal transform and
horizontal and vertical quantization or a process of perform-
ing a one-dimensional DCT and quantization along a predic-
tion direction indicated by the prediction mode information
DS20. In addition, suppose that the transform information
DS40 in the third embodiment indicates which of intra-frame
prediction and inter-frame prediction is selected. The coding
control section 40 outputs the generated transform informa-
tion DS40 to the processing selecting switch 12, the entropy
coding section 175, the processing selecting switch 18, the
image signal selecting switch 30 and the prediction selecting
switch 37.

3-2. Operation of Image Coding Device

FIG. 25 and FIG. 26 are flowcharts of operation of the
image coding device 105 in the third embodiment. In step
ST101, the image coding device 105 obtains an input image.
The image coding device 1056 obtains an input image signal
DS1, and starts coding in each macroblock or each macrob-
lock pair.

In step ST102, the image coding device 105 performs
initialization relating to sub-blocks. The image coding device
105 initializes a sub-block index sub_blk to “sub_blk=0"" and
sets a maximum sub-block number MAX_SUB_BIK at the
same time. The image coding device 105 then proceeds to
step ST103.

In step ST103, the image coding device 105 determines
whether the sub-block index sub_blk is smaller than the maxi-
mum sub-block number MAX_SUB_BLK. When the sub-
block index sub_blk is smaller than the maximum sub-block
number MAX_SUB_BLK, there is a sub-block yet to be
coded among sub-blocks within a macroblock, and therefore
the image coding device 105 proceeds to step ST104. When
the sub-block index sub_blk is not smaller than the maximum
sub-block number MAX_SUB_BLK, there is no sub-block
yet to be coded among the sub-blocks within the macroblock,
and therefore the image coding device 1056 proceeds to step
ST125.

In step ST104, the image coding device 105 sets a motion
vector search position MV_x in an X-direction (for example
a horizontal direction) and a motion vector search position
MV_y in a Y-direction (for example a vertical direction) to
search start points START_X and START_Y. The image cod-
ing device 105 then proceeds to step ST105.

In step ST105, the image coding device 105 determines
whether MV_x<END_X and MV_y<END_Y. When the
search positions are within search ranges up to search end
points END_X and END_Y, the image coding device 105
proceeds to step ST106. When the search positions exceed to
the search ranges, the image coding device 105 proceeds to
step ST123.

In step ST106, the image coding device 105 performs
initialization relating to prediction directions. The image cod-
ing device 106 initializes an index mode_idx_d to
“mode_idx_d=0," and sets a maximum selectable direction
number MAX_MODE_d. The index mode_idx_d indicates a
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prediction direction, and corresponds to a prediction direc-
tion in an intra-frame prediction mode. The maximum direc-
tion number MAX_MODE_d corresponds to the number of
selectable prediction directions, that is, the maximum mode
number MAX_MODE of'intra-frame prediction modes. Thus
using the index mode_idx_d indicating a prediction direction
makes it possible to perform DCTs corresponding to oblique
prediction directions and detect an optimum mode also in
inter-frame prediction.

In step ST107, the image coding device 105 determines
whether the prediction direction index mode_idx_d is smaller
than the maximum direction number MAX_MODE_d. When
the prediction direction index mode_idx_d is smaller than the
maximum direction number MAX_MODE_d, the image
coding device 105 determines that not all prediction direc-
tions have been tried. The image coding device 105 then
proceeds to step ST108. When the prediction direction index
mode_idx_d is not smaller than the maximum direction num-
ber MAX_MODE_d, the image coding device 105 deter-
mines that all the prediction directions have been tried. The
image coding device 105 then proceeds to step ST122.

In step ST108, the image coding device 105 sets transform
information trans_idx. The image coding device 105 sets the
transform information trans_idx according to the value of'the
prediction direction index mode_idx_d. For example, when
the value of the prediction direction index mode_idx_d indi-
cates an oblique prediction direction, the image coding device
1056 sets the transform information trans_idx to “trans_
idx=0." The image coding device 105 then proceeds to step
ST109. When the value of the prediction direction index
mode_idx_d indicates a non-oblique prediction direction, the
image coding device 105 sets the transform information
trans_ idx to “trans_idx=1.” The image coding device 105
then proceeds to step ST109.

In step ST109, the image coding device 105 generates a
motion-compensated signal at the search positions MV_x and
MV _y from a reference frame. The image coding device 105
then proceeds to step ST110.

Instep ST110, the image coding device 105 detects anedge
using the generated motion-compensated signal, and gener-
ates an index DS31 indicating the position of the edge and the
intensity of the edge. The image coding device 105 then
proceeds to step ST111.

In step ST111, the image coding device 105 sets transform
blocks. The image coding device 105 estimates the continuity
of the edge within the sub-block as the coding object on the
basis of the index DS31 indicating the position of the edge
and the intensity of the edge. Further, the image coding device
105 sets transform blocks on the basis of a result of the
estimation of the continuity of the edge. The image coding
device 105 then proceeds to step ST112.

In step ST112, the image coding device 105 determines
whether the prediction direction index mode_idx_d is smaller
than a minimum direction number mode_direction_d as a
minimum index value of the oblique prediction directions, or
whether the transform information is “trans_idx=1. In at
least one of the cases where the prediction direction index
mode_idx_d is smaller than the minimum direction number
mode_direction_d and where the transform information is
“trans_idx=1,” the image coding device 105 proceeds to step
ST113. Otherwise, the image coding device 105 proceeds to
step ST115.

In step ST113, the image coding device 106 performs a
horizontal and vertical DCT. The image coding device 105
then proceeds to step ST114. In step ST114, the image coding
device 105 performs horizontal and vertical quantization. The
image coding device 105 then proceeds to step ST117. The
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image coding device 105 for example changes the processing
selecting switch 12 to the side of the first transform section
13, and performs the DCT and the quantization using the first
transform section 13 and the first quantizing section 15.

In step ST115, the image coding device 105 performs an
oblique direction pattern DCT. The image coding device 105
then proceeds to step ST116. In step ST116, the image coding
device 105 performs oblique direction pattern quantization.
The image coding device 105 then proceeds to step ST117.
The image coding device 105 for example changes the pro-
cessing selecting switch 12 to the side of the second transform
section 14. In addition, the image coding device 105 changes
a pattern selecting switch 140 in the second transform section
14 and a pattern selecting switch 160 in the second quantizing
section 16 according to the prediction direction index
modeidxd. The image coding device 106 performs the DCT
and the quantization using an oblique direction pattern DCT
section and an oblique direction pattern quantizing section
corresponding to the prediction direction.

In step ST117, the image coding device 105 performs
entropy coding. The image coding device 105 entropy-codes
the quantized data DS5 and DS6, the prediction mode infor-
mation DS20, the motion vector information DS35, and the
transform information DS40 in the entropy coding section
175. The image coding device 105 then proceeds to step
ST118.

In step ST118, the image coding device 105 stores coding
cost. The coding control section 40 in the image coding
device 105 calculates a cost value K as described above, and
stores the calculated cost value K. The image coding device
1054 then proceeds to step ST119.

In step ST119, the image coding device 105 determines
whether the transform information trans_idx is “trans_
1dx=0.” When the transform information trans_idx is “trans_
idx=0,” the image coding device 105 proceeds to step ST120.
When the transform information trans_idx is not “trans_
idx=0,” the image coding device 105 proceeds to step ST121.

In step ST120, the image coding device 105 adds “1” to the
transform information trans_idx to set new transform infor-
mation trans_idx. The image coding device 105 then returns
to step ST112.

In step ST121, the image coding device 105 adds “1” to the
prediction direction index mode_idx_d to set a new index
mode_idx_d. The image coding device 105 then returns to
step ST107.

When thereafter determining in step ST107 that the pre-
diction direction index mode_idx_d is not smaller than the
maximum direction number MAX_MODE_d and thus pro-
ceeding to step ST122, the image coding device 105 changes
the search position MV_x or the search position MV_y to a
new position. The image coding device 105 then returns to
step ST105.

When the search positions exceed the search ranges in step
ST105, the image coding device 1056 proceeds to step ST123,
where the image coding device 105 adds “1” to the sub-block
index sub_blk to set a new index sub_blk. The image coding
device 105 then returns to step ST103.

When determining in step ST103 that the sub-block index
sub_blk is not smaller than the maximum sub-block number
MAX_SUB_BLK, the image coding device 106 proceeds to
step ST125.

The image coding device 105 performs not only the inter-
frame prediction but also the intra-frame prediction described
with reference to FIGS. 13 and 14 in step ST124. The image
coding device 105 then proceeds to step ST125.
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In step ST125, the image coding device 1056 loads data on
an optimum mode. The image coding device 105 compares
stored coding costs with each other, and determines that a
mode or a prediction direction providing highest coding effi-
ciency in the intra-frame prediction and the inter-frame pre-
diction is an optimum mode. The image coding device 105
loads data on the determined optimum mode. The image
coding device 105 then proceeds to step ST126.

In step ST126, the image coding device 105 multiplexes
and sends out coded data obtained by performing coding in
the optimum mode in the macroblock. In addition, the image
coding device 105 entropy-codes the prediction mode infor-
mation DS20, that is, the index mode_idx of the optimum
mode and the transform information DS40, that is, the trans-
form information trans_idx, and includes the entropy-coded
information in the coded data. Further, the image coding
device 105 entropy-codes the motion vector information
DS35 in the optimum mode, and includes the entropy-coded
motion vector information DS35 in the coded data.

In a case of intra-frame prediction, the reference image
edge detecting section 31 of the image coding device 105
performs similar operation to that in the first embodiment. In
a case of inter-frame prediction, the reference image edge
detecting section 31 performs edge detection using a motion-
compensated signal obtained by performing motion compen-
sation as in MPEG or the H.264/AVC system. FIG. 27A
shows edges detected by using a motion-compensated signal.
The image coding device 105 performs edge detection using
for example a Sobel filter as described above, and obtains
indexes indicating the positions of the edges and the intensi-
ties of the edges.

In a case of intra-frame prediction, the transform block
setting section 32 performs similar operation to that in the first
embodiment. In a case of inter-frame prediction, the trans-
form block setting section 32 sets transform blocks on the
basis of an index indicating the position of an edge and the
intensity of the edge in a motion-compensated signal. For
example, when edges are detected as shown in FIG. 27A, the
transform block setting section 32 estimates that the same
edges are present in the sub-block as the coding object as
shown in FIG. 27B, and sets transform blocks as in a case of
intra-frame prediction on the basis of a result of the estima-
tion.

3-3. Configuration of Image Decoding Device

Description will next be made of an image decoding device
that decodes the coded data generated by the image coding
device 105.

FIG. 28 shows a configuration of an image decoding device
505 in the third embodiment. Incidentally, in FIG. 28, con-
stituent elements corresponding to those of the image decod-
ing device 50 according to the first embodiment are identified
by the same reference numerals.

The image decoding device 505 includes an entropy decod-
ing section 51b, a processing selecting switch 52, a first
dequantizing section 53, a second dequantizing section 54, a
first inverse transform section 55, a second inverse transform
section 56, an arithmetic section 57, a reference memory 58,
a predicting section 60, a motion compensating section 61,
and a prediction selecting switch 62. The image decoding
device 505 also includes an image signal selecting switch 70,
a reference image edge detecting section 71, a transform
block setting section 72, and a decoding control section 80.

The entropy decoding section 515 entropy-decodes the
coded data DSC received as input. The entropy decoding
section 515 performs entropy decoding corresponding to the
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entropy coding performed in the entropy coding section 175
in the image coding device 105. The entropy decoding section
515 outputs quantized data DS51 and transform information
DS52 (corresponding to DS40) obtained by performing the
entropy decoding to the processing selecting switch 52. The
entropy decoding section 515 also outputs prediction mode
information DS53 (corresponding to DS20) obtained by per-
forming the entropy decoding to the second quantizing sec-
tion 54, second inverse transform section 56, the predicting
section 60 and the transform block setting section 72.

The processing selecting switch 52 performs switching on
the basis of the transform information DS52 supplied from
the entropy decoding section 515 to output the quantized data
DS51 to the first dequantizing section 53 or the second
dequantizing section 54.

The first dequantizing section 53 is configured in a similar
manner to the first dequantizing section 19 in the image
coding device 104. The first dequantizing section 53 dequan-
tizes the quantized data DS51 supplied via the processing
selecting switch 52. In addition, the first dequantizing section
53 dequantizes the quantized data in each transform block
based on transform block setting information DS76 supplied
from the transform block setting section 72. The first dequan-
tizing section 53 outputs transform coefficients DS54
obtained by performing the dequantization to the first inverse
transform section 55.

The first inverse transform section 55 is configured in a
similar manner to the first inverse transform section 21 in the
image coding device 105. The first inverse transform section
55 applies an inverse DCT in the horizontal and vertical
directions to the transform coefficients DS54 supplied from
the first dequantizing section 53 in each transform block
based on the transform block setting information DS76 sup-
plied from the transform block setting section 72. The first
inverse transform section 55 outputs a prediction error signal
DS56 obtained by performing the inverse DCT to the arith-
metic section 57.

The second dequantizing section 54 is configured in a
similar manner to the second dequantizing section 20 in the
image coding device 105. The second dequantizing section
54 dequantizes the quantized data DS51 supplied via the
processing selecting switch 52. In addition, the second
dequantizing section 54 dequantizes the quantized data in
each transform block based on the transform block setting
information DS76 supplied from the transform block setting
section 72. The second dequantizing section 54 outputs trans-
form coefficients DS55 obtained by performing the dequan-
tization to the second inverse transform section 56.

The second inverse transform section 56 is configured in a
similar manner to the second inverse transform section 22 in
the image coding device 1056. The second inverse transform
section 56 applies an inverse DCT according to a prediction
direction to the transform coefficients DS55 supplied from
the second dequantizing section 54 in each transform block
based on the transform block setting information DS76 sup-
plied from the transform block setting section 72. The second
inverse transform section 56 outputs a prediction error signal
DS57 obtained by performing the inverse DCT to the arith-
metic section 57.

The arithmetic section 57 generates an image signal DS58
by adding a predicted image signal DS73 supplied from the
prediction selecting switch 62 to the prediction error signal
DS56 supplied from the first inverse transform section 55 or
the prediction error signal DS57 supplied from the second
inverse transform section 56. The arithmetic section 57 stores
the generated image signal DS58 in the reference memory 58.

10

15

20

25

30

35

40

45

50

55

60

40

The reference memory 58 stores the image signal of adja-
cent blocks and the image signal of a plurality of frames.
Incidentally, the image signal of the plurality of frames is
stored after being subjected to deblocking filter processing.

The reference image signal DS60 of the adjacent blocks
which image signal is read from the reference memory 58 is
supplied to the predicting section 60 and the image signal
selecting switch 70. In addition, the reference image signal
DS65 ofthe frame images which image signal is read from the
reference memory 58 is supplied to the motion compensating
section 61.

The predicting section 60 performs prediction in the pre-
diction mode indicated by the prediction mode information
DS53 using the reference image signal DS60 read from the
reference memory 58, generates a predicted image signal
DS61, and supplies the predicted image signal DS61 to the
prediction selecting switch 62.

When an inter-frame prediction mode is selected as an
optimum mode, the motion compensating section 61 per-
forms motion compensation using the reference image signal
DS65 on the basis of motion vector information in the opti-
mum mode, and generates a predicted image signal DS66.
The motion compensating section 61 supplies the generated
predicted image signal DS66 to the prediction selecting
switch 62 and the image signal selecting switch 70.

When an intra-frame prediction mode is selected as an
optimum mode, the prediction selecting switch 62 selects the
predicted image signal DS61 generated in the predicting sec-
tion 60, and outputs the predicted image signal DS61 as a
predicted image signal DS73 to the arithmetic section 57.
When an inter-frame prediction mode is selected as an opti-
mum mode, the prediction selecting switch 62 selects the
predicted image signal DS66 generated in the motion com-
pensating section 61, and outputs the predicted image signal
DS66 as the predicted image signal DS73 to the arithmetic
section 57.

When an intra-frame prediction mode is selected as an
optimum mode, the image signal selecting switch 70 selects
the reference image signal DS60, and outputs the reference
image signal DS60 to the reference image edge detecting
section 71. When an inter-frame prediction mode is selected
as an optimum mode, the image signal selecting switch 70
selects the predicted image signal DS66 generated in the
motion compensating section 61, and outputs the predicted
image signal DS66 to the reference image edge detecting
section 71.

The reference image edge detecting section 71 is config-
ured in a similar manner to the reference image edge detecting
section 31 in the image coding device 105. The reference
image edge detecting section 71 detects an edge using the
decoded image signal selected by the image signal selecting
switch 70, and outputs an index DS75 indicating the position
of'the edge and the intensity of the edge to the transform block
setting section 72.

The transform block setting section 72 is configured in a
similar manner to the transform block setting section 32 in the
image coding device 105. The transform block setting section
72 estimates the continuity of the edge within the sub-block as
a coding object on the basis of the index DS75 supplied from
the reference image edge detecting section 71 and the predic-
tion mode information DS53 supplied from the entropy
decoding section 515. The transform block setting section 72
sets transform blocks in an inverse orthogonal transform and
dequantization from a result of the estimation, and generates
the transform block setting information DS76 indicating the
set transform blocks. The transform block setting section 72
outputs the generated transform block setting information
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DS76 to the first dequantizing section 53, the second dequan-
tizing section 54, the first inverse transform section 55, and
the second inverse transform section 56.

The decoding control section 80 issues control instructions
in the process of decoding the coded data and the like.

3-4. Operation of Image Decoding Device

FIG. 29 is a flowchart of operation of the image decoding
device 505 in the third embodiment. In step ST151, the image
decoding device 505 obtains coded data. The image decoding
device 505 obtains the coded data DSC, and starts decoding in
each macroblock or each macroblock pair. The image decod-
ing device 505 then proceeds to step ST152.

In step ST152, the image decoding device 505 performs
entropy decoding. The image decoding device 505 decodes
the variable-length code of each syntax of the coded data
DSC, and reproduces quantized data DS51, transform infor-
mation DS52, prediction mode information DS53, and
motion vector information DS35. The image decoding device
504 then proceeds to step ST153.

In step ST153, the image decoding device 505 performs
syntax analysis. The image decoding device 505 analyzes the
syntaxes from the data obtained by performing the decoding.
The image decoding device 505 then proceeds to step ST154.

In step ST154, the image decoding device 505 performs
initialization relating to sub-blocks. The image decoding
device 505 initializes a sub-block index sub_blk to “sub_
blk=0"" and sets a maximum sub-block number MAX_SUB_
BLK at the same time. The image decoding device 505 then
proceeds to step ST155.

In step ST155, the image decoding device 505 determines
whether the sub-block index sub_blk is smaller than the maxi-
mum sub-block number MAX_SUB_BLK. When the sub-
block index sub_blk is smaller than the maximum sub-block
number MAX_SUB_BLK, there is a sub-block yet to be
decoded among sub-blocks within a macroblock, and there-
fore the image decoding device 505 proceeds to step ST156.
When the sub-block index sub_blk is not smaller than the
maximum sub-block number MAX_SUB_BLK, there is no
sub-block yet to be decoded among the sub-blocks within the
macroblock, and therefore the image decoding device 505
proceeds to step ST170.

In step ST156, the image decoding device 505 determines
whether inter-frame prediction is selected. When inter-frame
prediction is selected as an optimum mode, the image decod-
ing device 5056 proceeds to step ST157. When intra-frame
prediction is selected, the image decoding device 505 pro-
ceeds to step ST169.

In step ST157, the image decoding device 505 loads a
prediction direction index mode_idx_d, transform informa-
tion trans_idx, and motion vector information. The image
decoding device 505 extracts the prediction direction index
mode_idx_d, the transform information trans_idx, and the
motion vector information from the coded data. The image
decoding device 505 then proceeds to step ST158.

In step ST158, the image decoding device 505 generates a
motion-compensated signal. The image decoding device 505
generates the motion-compensated signal of search positions
MV_x and MV_y indicated by the motion vector of the
motion vector information DS35 on the basis of the image
signal of a reference frame and the motion vector information
DS35. The image decoding device 505 then proceeds to step
ST159.

In step ST159, the image decoding device 505 detects an
edge. The image decoding device 505 detects an edge using
the generated motion-compensated signal, and generates an
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index DS75 indicating the position of the edge and the inten-
sity of the edge. The image decoding device 504 then pro-
ceeds to step ST160.

In step ST160, the image decoding device 505 sets trans-
form blocks. The image decoding device 505 sets transform
blocks from the continuity of the edge within the sub-block as
a decoding object on the basis of the index DS75 indicating
the position of the edge and the intensity of the edge. The
image decoding device 505 then proceeds to step ST161.

In step ST161, the image decoding device 505 determines
whether the index mode_idx_d is smaller than a minimum
mode number mode_direction_d of oblique direction predic-
tion modes as a minimum value of the mode numbers of the
oblique prediction direction modes, or whether the transform
information is “trans_idx=1.” In at least one of the cases
where the prediction direction index mode_idx_d is smaller
than the minimum mode number mode_direction_d and
where the transform information is “trans_idx=1,” the image
decoding device 505 proceeds to step ST162. Otherwise, the
image decoding device 505 proceeds to step ST164.

In step ST162, the image decoding device 505 performs
horizontal and vertical dequantization. The image decoding
device 505 then proceeds to step ST163. In step ST163, the
image decoding device 505 performs a horizontal and vertical
inverse DCT. The image decoding device 505 then proceeds
to step ST166. The image decoding device 505 for example
changes the processing selecting switch 52 to the side of the
first dequantizing section 53, and performs the dequantiza-
tion and the inverse DCT using the first dequantizing section
53 and the first inverse transform section 55.

In step ST164, the image decoding device 505 performs
oblique direction pattern dequantization. The image decod-
ing device 505 then proceeds to step ST165. In step ST165,
the image decoding device 505 performs an oblique direction
pattern inverse DCT. The image decoding device 505 then
proceeds to step ST166. The image decoding device 505 for
example changes the processing selecting switch 52 to the
side of the second dequantizing section 54. In addition, the
image decoding device 505 changes pattern selecting
switches in the second dequantizing section 54 and the sec-
ond inverse transform section 56 according to the prediction
direction index mode_idx_d. By changing the switches
according to the index mode_idx_d, the image decoding
device 505 performs the dequantization and the inverse DCT
using an oblique direction pattern dequantizing section and
an oblique direction pattern inverse DCT section correspond-
ing to the prediction direction.

In step ST166, the image decoding device 505 synthesizes
aprediction error and a predicted image. The image decoding
device 505 generates an image signal DS58 by adding a
predicted image signal DS73 supplied from the prediction
selecting switch 62 to a prediction error signal DS56 or a
prediction error signal DS57. The image decoding device 505
then proceeds to step ST167.

In step ST167, the image decoding device 505 stores the
generated image signal DS58 in the reference memory. The
image decoding device 504 stores the generated image signal
DS58 in the reference memory 58. The image decoding
device 505 then proceeds to step ST168.

In step ST168, the image decoding device 5056 adds “1” to
the sub-block index sub_blk to set a new index sub_blk. The
image decoding device 505 then returns to step ST155.

When determining in step ST156 that intra-frame predic-
tion is selected and thus proceeding to step ST169, the image
decoding device 5056 performs a process from step ST56 to
step ST67 in FIG. 20. The image decoding device 505 then
returns to step ST155.
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Thereafter, the image decoding device 505 determines in
step ST155 that the sub-block index sub_blk is not smaller
than the maximum sub-block number MAX_SUB_BLK. The
image decoding device 505 then proceeds to step ST170. In
step ST170, the image decoding device 505 outputs an image
signal stored in the reference memory 58 after completion of
the decoding of the sub-blocks as the image signal of a
decoded image.

Thus, according to the third embodiment, transform blocks
are set in consideration of edge continuity on the basis of not
only intra-frame prediction but also inter-frame prediction.
Thus, also in inter-frame prediction, it is possible to prevent a
continuous edge from straddling a plurality of transform
blocks and thus improve subjective image quality. In addi-
tion, transform blocks not including an edge are increased, so
that energy concentration can be improved.

Incidentally, the third embodiment calculates coding cost
for each prediction direction while changing the search posi-
tions in order. However, it is also possible for example to
detect a block position having highest correlation with a
sub-block as a coding object, calculate coding cost for each
prediction direction at the block position having the highest
correlation, compare the calculated coding cost for each pre-
diction direction with coding cost for each prediction mode of
intra-frame prediction, and determine an optimum mode. In
this case, operation processing can be reduced because there
is no need to calculate coding cost each time the search
positions are changed in order.

In addition, the series of processes described in the speci-
fication can be performed by hardware, software, or a com-
posite configuration of both hardware and software. When
processing is performed by software, a program in which a
processing sequence is recorded is executed after being
installed into a memory within a computer incorporated in
dedicated hardware. Alternatively, the program can be
executed after being installed on a general-purpose computer
capable of performing various kinds of processing.

For example, the program can be recorded on a hard disk or
a ROM (Read Only Memory) as a recording medium in
advance. Alternatively, the program can be stored (recorded)
temporarily or permanently on a removable recording
medium such as a flexible disk, a CD-ROM (Compact Disc
Read Only Memory), an MO (Magneto-Optical) disk, a DVD
(Digital Versatile Disc), a magnetic disk, a semiconductor
memory, or the like. Such a removable recording medium can
be provided as so-called packaged software.

Incidentally, in addition to being installed from a remov-
able recording medium as described above onto a computer,
the program is transferred by radio from a download site to a
computer or transferred by wire to a computer via networks
such as a LAN (Local Area Network), the Internet, and the
like. The computer can receive the program transferred in
such a manner, and install the program onto a recording
medium such as a built-in hard disk or the like.

It is to be noted that the various kinds of processing
described in the specification may be not only performed in
time series according to the description but also performed in
parallel or individually according to the processing power of
a device performing the processing or according to necessity.
In addition, a system in the present specification is a logical
set configuration of a plurality of devices, and is not limited to
a system in which devices of respective configurations are
present within an identical casing.

In addition, the foregoing embodiments use a DCT as an
orthogonal transform method, but may use a KL'T (Karhunen-
Loeve transform), a DST (discrete sine transform), oraDWT
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(discrete wavelet transform). In addition, block size is not
limited to sizes in the foregoing embodiments, but may be
larger block sizes.

The foregoing embodiments disclose the present technol-
ogy in an illustrative form. It is obvious that modifications and
substitutions in the embodiments can be made by those
skilled in the art without departing from the spirit of the
present technology. That is, in order to determine the spirit of
the present technology, claims are to be considered.

According to an image coding device, an image decoding
device, methods thereof, and programs according to an
embodiment of the present technology, an edge is detected
using the image signal of a reference image for a coding
object block. On the basis of a result of the edge detection,
transform blocks are set by dividing the coding object block
such that boundaries between the blocks after the division do
not include the edge. In addition, transform processing is
performed for each transform block, and coded data is gen-
erated. The image decoding device decoding the coded data
detects the edge using the image signal of the reference image
for a decoding object block. On the basis of a result of the
edge detection, transform blocks are set by dividing the
decoding object block such that boundaries between the
blocks after the division do not include the edge. In addition,
inverse transform processing is performed for each transform
block, and the image signal of a decoded image is generated.
It is therefore possible to prevent a continuous edge from
straddling a plurality of transform blocks and thus improve
subjective image quality. In addition, transform blocks not
including an edge can be increased, so that an effect of
improving efficiency of energy concentration can be
obtained. Thus, the present technology is suitable for imaging
devices that generate moving images and still images, editing
devices that edit moving images and still images, and the like.

The present application contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2011-027385 filed in the Japan Patent Office on Feb. 10,
2011, the entire content of which is hereby incorporated by
reference.

What is claimed is:

1. An image coding device comprising:

circuitry configured to

set a size of each of transform blocks within a sub block
according to an edge such that the size of one of the
transform blocks within the sub block is different
from the size of another transform block within the
sub block, the sub block being a block divided from a
macroblock of an image that includes a plurality of
macroblocks; and

generate coded data by performing processing including
an orthogonal transform of each of said transform
blocks.

2. The imaging coding device according to claim 1,

wherein the circuitry is configured to set a number of the

transform blocks within the sub block according to the
edge.

3. The image coding device according to claim 1,

wherein said circuitry is configured to estimate continuity

of the edge in the sub block, and sets the size of said
transform blocks according to the continuity of the edge.

4. The image coding device according to claim 3, wherein

said circuitry is configured to

set said transform blocks for each prediction mode of
one of inter-frame prediction and intra-frame predic-
tion, and

compare coding cost when the processing including said
orthogonal transform is performed in the transform
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blocks set for each said prediction mode, and select a
prediction mode of highest coding efficiency.
5. The image coding device according to claim 4,
wherein said circuitry is configured to estimate that the
edge is continuous in a prediction direction of a predic-
tion mode, and set said transform blocks.
6. The image coding device according to claim 4,
wherein said circuitry is configured to include information
indicating the selected prediction mode in the coded data

obtained by performing coding processing in said 10

selected prediction mode.

7. The image coding device according to claim 4,

wherein said circuitry is configured to include information
indicating transform blocks set in the selected prediction
mode in the coded data obtained by performing coding
processing in said selected prediction mode.

8. The image coding device according to claim 3,

wherein said circuitry is configured to estimate that the
edge is continuous in a direction of a higher reliability
between a prediction direction of a prediction mode and
the direction of said edge.

9. The image coding device according to claim 1,

wherein said circuitry is configured to select the edge notto
be included in the boundary between said transform
blocks according to intensity of said edge.

10. The image coding device according to claim 1,

wherein the circuitry is configured to set a size of each of
the transform blocks by dividing the sub block.

11. The image coding device according to claim 1,

wherein the circuitry is configured to set a size of each of
the transform blocks by dividing the sub block such that
anumber of the edges straddling a plurality of the trans-
form blocks is reduced.

12. The image coding device according to claim 1,

wherein the circuitry is configured to set a size of each of
the transform blocks by dividing the sub block such that
the edge is prevented from straddling a plurality of the
transform blocks.

13. The image coding device according to claim 1,

wherein the circuitry is configured to set a size of each of
the transform blocks by dividing the sub block such that
number of the transform blocks not including the edge
increases.

14. The image coding device according to claim 1, wherein

the circuitry is configured to associate transform block
setting information relating to the size of the each of the
transform blocks with the coded data.

15. The image coding device according to claim 14,
wherein the circuitry is configured to associate the trans-
form block setting information with entropy coding.

16. The image coding device according to claim 14,

wherein the circuitry is configured to associate the trans-
form block setting information with the coded data by
adding the transform block setting information to the
coded data as a header.

17. An image coding method comprising:

setting, by circuitry of an image coding device, a size of
each of transform blocks within a sub block according to
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an edge such that the size of one of the transform blocks
within the sub block is different from the size of another
transform block within the sub block, the sub block
being a block divided from a macroblock of an image
that includes a plurality of macroblocks; and

generating, by the circuitry, coded data by performing pro-
cessing including an orthogonal transform of each of
said transform blocks.

18. The image coding method according to claim 17, fur-

ther comprising the step of:

setting, by the circuitry, a number of the transform blocks
and the size of each of the transform blocks within the
sub block according to the edge.

19. The image coding method according to claim 17, fur-

ther comprising the step of:

associating, by the circuitry, transform block setting infor-
mation relating to the size of the each of the transform
blocks with the coded data.

20. A non-transitory computer-readable medium storing

instructions thereon which when

setting a size of each of transform blocks within a sub block
according to an edge such that the size of one of the
transform blocks within the sub block is different from
the size of another transform block within the sub block,
the sub block being a block divided from a macroblock
of an image that includes a plurality of macroblocks; and

generating coded data by performing processing including
an orthogonal transform of each of said transform
blocks.

21. The non-transitory computer-readable medium accord-

ing to claim 20, the method further comprising the step of:

setting a number of transform blocks and the size of each of
the transform blocks within the sub block according to
the edge.

22. The non-transitory computer-readable medium accord-

ing to claim 20, the method further comprising the step of:

associating transform block setting information relating to
the size of the each of the transform blocks with the
coded data.

23. The imaging coding device according to claim 1,

wherein the sub block includes at least three transform
blocks, and

each of'the at least three transform blocks is set to a differ-
ent size.

24. The imaging coding device according to claim 1,

wherein the sub block is a macroblock.

25. The imaging coding device according to claim 1,

wherein the sub block is divided into the transform blocks
in only one of a horizontal direction or a vertical direc-
tion.

26. The imaging coding device according to claim 1,

wherein a shape of one of the transform blocks is rectan-
gular and not square.
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